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* INTRODUCTION 

Ai Mile* N ~ ♦ ^ 



Cowf>i/ters as a supplement to college and university teaching were a: 
VclirecVbutcome of earlier teaching machines, In .which a student's - 

•response would determine the next sequence of learning ^activity. J * 

Wi^h^he adveniof o^uters it became possible to incorporate more 
. ^bpjhisticat^d eliMeMti of 6ohtro1 over tfle programs, but the high 
. cost of hardware and .lack of suitable software which could be used 

With : ttifiF^rcipt' types' of: QOi^uttrs dlsfcouraged many potential users 

of cdmpiitirs for instructional -purposes. ; 

' With the very substantial reduction in costs for "a 11 computers, and 
"particularly with, .the advent. of relatively cheap terminals and 
microcomputers, the. opportunities for computer-assisted learning or • 
—computer-assisted instruction, as it is sometimes called, are much 
' greater: Prograj»nmg~;languages nave also become simpler and special 

• languages have been developed for computer-assisted, learning. , One pf 
these? PILOT, will be briefly described in the papdrs which follow. 

• «• -_• . • * » * \ ' ■ ^ - , 

Another prdVtem how being faced for the first time- by some university, 
and" col lege teachers Is a much, less, homogeneous student 1»dy. ' 
•* Institutions are admitting, relatively large numbers of mature-age 
students, some of. whom have been away from study for some years , and 
others witfc quite dlffe»ent background knowledge from that which is 

• expected from students just leaving secondary school, £ven among. 
. students entering university or jol lege direct from secondary studies 

there Is a much greater diversity of content covered in the -school 
curriculum" than was. the case, a few years ago. Investigations carried 

• out by the Office "for Research in Academic Methods (ORAM), in- the 
Australian Hat lonaT'Uni vers ity!, >wve shown that students entering / V' <' 
first year physic*, and mathematics courses directly from secondary , 
schools hive . covered a verywi.de range of topics before. they ante* 

, the university/, yet, in these subjects many students claim that they 

are inadequately, "prepared for '"university study. <-\ With the. <#dyent of r 
schooHbased curricula, Jt Js posajble; that students from one school , 
will have covered a coniple.tc^y f different range. of topics from students 
ostensibly studying {the, same 'subject in another secondary- school . •'. , 
"This diversity in backgrounds is to be expected in students entering 
tertiary studies in- the. physicaj sciences, the social sciences, or ' 
the humanities. Even ?fprW|H; language. students* come without te' a 1 
Iwide range of. prior knowledge" arid skills. *, ' 

Tertiary institutions sometimes -talk about the need for raising entry* . 
-standards or for being more rigid in specifying prerequisite* fb> /' 

certain first year courses, but experTence* in recent-years suggests 
** that there ha*; been adduction in specific entry requirement*,; 
. although; it is claimed by some that entity standards haye not necessa- . 

rtjy suffered. It is this unpredictability as to the/ specific . 

knowledge possessed by entering students, rather ".than *ny drop In < 

general: abil ity,' which indicates the need for tertiary teacher* to .« 

• re^amFh'e^the-potentJal of computerrassisted learning. ... 

: . 7 . 



Realising that computer-assisted 1oarnri»g a«v provide a partial, answer 
to some of. the, problems faoed.by university and coUege teacher*, some 
members of the' Higher Education Rjseefcn and Development Society of 
Australasia (HEfeDSA) living In Canberra ;arrano^ a syip^lum .in . • 

November 1980 for . those interested In the -thee* MrttyW^Computan , • 
£Mo:<tolli**'k&l Unii>erHty Teakhivig. . . " 

•The sYWPOsium, Jwhich Was attended by over, sixty people from ter.tiary t 
insti tuttons f iii ;cnel'r-e4/by' ; Mr Allen Miller, Director ' 
of the Off fee for Research in Academic Methods, and Professor John 
Ogilviei- Visiting Fallowjn f ORAM and the Research Sthool. of Chemistry, 
Factl Ities' of the Austral Ian national University, particularly in the 
Department ~bf. Stat i st 1 cs , 1 the , Computer Seryl ces Centre , the Computer 
Science Depar|fentV # f ^he. Of fice for Itesearch in Academic Methods, * 
were made available for' the day's activities and for a follow-up sess on 
in February 1981, when a -smaller number attended a workshop during which 
they m 1 earned. ;tp w develop tbejr own programs and put them on the computer. 

Following the. symposiumfl&ch of ^he sixteen invited speakers. was as.ked 
whether' s/he would like to cohtrlbute.to. a HERDSA publication on ; 
computer-assisted learning. Mot all were able to accept -this invitation, 
owingito prior commitments, but the response of those whose talks are 
included In- this ^ publication" lis gratifying in, that it gives an -indication 
of the range* of. topics covered and the rather unusual uses of computer- 
assisted learning in the Canberra College of Advanced^ Education and the 
Austral ian Matronal University. it, is not_po«*ible to incl.ude in this 
publication all the material, presented at the symposium: the papers , • 
which follow are edited versions of the talks, the editing having been 
done mostly by the authors. In the case of those speakers who were » 
unable to provide .a paper for th,is publ Ication, a. brief summary of their 
?resentaiion'Iis. given, based on notes taken during the day. 

•In making these proceedings available to the wider membership of HERDSA 
I would* I ike to thank all who contributed to the success of the original 
symposium. and the fbi low-up workshop. First to ne--m*ntlOned are the 
speakers, all of whom are very busy people, who gave their time In 
' preliminary planning sessions, rn preparing and presenting their paWs, 
.and. then, 'in response to a; belated request, submitting a written version 
for publication. , • » . 

Others' who* assisted Include jjthose who contributed to the general dis- 
cussion during'the symposium, i hose who submitted items for inclusion 
in the Bibliography, members of ORAM and the Computer Services Centre 
who'helped ensure that al I operations proceeded smoothly,, and especially 
the Secretary of ORAM, Janet Heaie'y, who typed all the material for 
this publication. '*.,.''.' * 
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AT fifUDES AN D-lARR^ERi TO THE. USE 'OF COMPUTING 
!H TEACHING ^AND LEARN I N6/ - ,\ ^ 



INTHODUCTION 



Mew' tcchnoJogy always sfeems to <b* a fearsome 4 and brightening prospect 
. tov those who » a re rtot involved la it. If we really think about U\ 
however • ^ are a-fl involved in seme form of technology* la one way* 
or ; another. Jhe leaning of 1 technology 1 is as broad as *J1 'human 
endeavour ;>s.i nee -ft is not only the science of; the industrial arts 
*bu%. the /ethnological study 6f developm en t of arts, in one sense 
It is about A*>*t mah invents tools as well as how he formulates an, • 
organised Softy of knowledge about their* habitual employment In useful 
work.- <~ *"> - r Y * ■ 

One of our more remarkable modern tools is the automatic digital 
computer. It would be difficult to find a more inappropriate name 
for such a foot because it immediately brings to mlnd^vlsions of vast 
calculations on numbers, in fact, computers are used less^for this 
par pose than for storing, retrieving, displaying, end changing any 
fbrm of data from numbers through words to graphical shapes. Whether 
you want to be or hot, you are part of the computer technology - - 
because it is ail around you in everything you use, have available 
to use, or wanjt to do; ' You cannot ignore it, if is* no* going to go* 
away , 'and unless you do something about it, your students will know, 
more* than you do. ' , . 

- , * / * * o \ : 

I ante not trying ta suggest that everyone has to become a computer 
expert before using a computer, any more then it is«nec*9sary to be 
a mecujnic before driving jk car. What I aw Suggesting is that we * 
have a unique phenomenon that needs careful study and thought on • 
the question of whether 6r not jt has a place in teaching and \ ' 
learning. • • \ "* N 

Let me, therefore, distinguish between the use of computers in » . 
teaching, and 1ea,rriingi and teaching and learning about computers. 
The former is often' called 1 computer-aided instruct ion* (CAl), or v , 
'gbmputer-aided learning 1 (CAt). On the quest ion" of learning. 4 \. m 
atout /computers we must distinguish between studying computing / 
as <a professional pursuit In order to become a tool builder, -and \ 
studying computing either -to become a tool user or to understand 
its uses. . • 4 k I* 

When we , tal k«about .barriers to the use of computing in teaching and 
learning we are most l ikely .thinking about problems in the use of CAI 
Hdweve,r,»l think it is equally important that we think about problems 
in using computers to teach about their impact on our dally lives* 
Not many students choose^ torstudy computing *top1cV^or professional * 
development .and far* more students leave studies -befoVe-tertiary level 
than enter If. Even at tertiary level only a relatively small 
.percentage of the whole {jaVe any exposure tq computing studies. • 
Somewhere atong the educational 1 ine they, need to be made aware 
of the effect computers mey have on their <jh/es. 



(flcngto:* revrsionis't school in the compter wo rM tocfm I 
_Jl.va It Is unnepessary. to teach about the S tLSSl 

or, bow they wj>rk In the first instance. Over «• nuiiiber of ^s«esters 
have run a two-hour tutor i a) each semester tfjjd i at ^laving 
an attitudinai change, in trainee primary school Thl *??Li M 
not seem much Sme to devote but K does «aa.li]ts Objective. It begins 
• with a gentle introduction to%*he- various, special sed hand-held . 
. calculators for. arithmeile-Eraining or Wd training. Progresses to 
' demonstrating games^olTVprogramsabU J*^^* il^Jl? in 

< s«$idn4»J&^ with computer terminal. In . 
. . . • the Uttef case, games of increasing sophistication ^re P'^""*; 

Whave found significant .attitudinai changes from 'lj couidn t use a 
, -Computer, I can't do- mathematics' to 'Now I can see how I could use a 
^\ computer/in a teaching program' *] 

This; then,, is- one level .at which we can try to overcome barrier* by 
bbtiv Involving teachers in simple uses end challenging them as teachers 
To make of the technology in their curricula. We can now go/a step 
* - further. Many readers will be, -familiar with the .'turtle' ^JjM 

• small robot device- which can, under computer <* nt ^^ »" de '^ a fV 
in a variety of ways through* sequences of ^simple commands. It do« not 
really need a computer and turtle to do this,. Any member of the clais 

■ >C an play the* part, and simple instructions can be given^ in sequence 
■ " « one at a time; .*.'•« \ ■ * . 

Jnshowing tlWpeople can control machines J we begin to b^eak down 

• v another barrier or to change an attitude. Jhi K™^&3?^ ' 

asfear of being controlled by a mechanical J device and lacking the 
knowledge either to control the device pr_.t6 avoid being controlled . 
LTTt! Hence7one avoids contact with suchf things so as not to run 
- SLr.ktfb.lng controlled. Once it is realised how such devices 
can J* Control led by. sequences of very simple commands and ho* people 
'.. • «an: do the controlling, we see a. narked attitudinal change.; 

Of course children reac't best to approach, since they haye no 
. preconceived attitudes about- pride-or ^•^^-^^/'•jfLj ' , 
if t he-robot^es-someth>aJ^ caused it to pet 

in that way. Such Hvely Interactions from-chi Idren carry over to . 
adults, and we again begin to break down ibarriers, 

. There isVpoint; however, when rather more must be understood about 
• how combers function if we ar.e to prepare^students for life i*a 

• . wmpSter-driven society. At this point teachers at all .levels haye 

To be convinced about the importance of/ such concepts, as privacy of 

< , information and protection^ individual rights in order to want to 

know how use of computers affects these matters. , 

* Currentiy'in Australia a *aJor study is being undertaken on what laws 
'might be- needed to ensure accuracy of personal data stored in a . 
Computer data bank, what safeguards mr£ht be available to people te 
protect personal information, and-whatf penalties might be exacted. 
Because 'we have faifed to bring the usk of computers in soc ety into 

L-'~ "-ST • ScSlS systemrwe-have failed . 

rew people are concerned about t*ese issues because they do not have 

the'educatlbn to understand eNther.theUssues or their effects. The 
techno^ical barrier has beep permit t^ to affect attitudes** the 
detrimen? of free and informed discussion; on vital issues. 

> 9 .. " "." ' 




;*•>••'• . ■ TEACHING ABOUT USING COMPUTERS ■ ■'. ' V 

V - . * .*. \* .* * 7 ** - ~ 

% • . Many years ago, In a university, that be nameless, a' computer 

\ v* \ wa * installed*- The staff staydd away ip; droves unti 1 they foun v d— 

s % • m tha # t their overseas colleagues did noj'want to talk to them. if their 

% * data processing had not beerv done through, a computer. Again, I find 
* . m u . myself in a revisipnist position. A do hot believe it is necessary 
; ," : / to know how a computer is made or how to Write programs ax\ of-der to 

V wse One in some discipline. Computing people have tended to foster* 

* ; *!' the oppositely few, and A have consciously or (unconsciously raised 

ba.rriers. There *is a level* of use that requires no more than good 
^ instruct ions and simple input requirements... NowhfeV^ has this been* 

J? . s U better demonstrated than in the gaffes programs for microcomputers. 

\ There is, of course, another level where some knowledge of mathe- 
matical or data processing concepts is Zieeded so that appropriate % 
data are fed in and appropriate interpretations* can ^be jpade of results. 
I j. Finally, there is also a level, even with such software packages, - 

/ -where the skiH of the professional, is rteeded to set up the package 

*or co adapt \t to a particular requirement^ 

All of this is t*achii?g about us inj computers ami; general I y„ speak i ng, 
I think we do it'rather badly. We fail to distinguish the levels of 
attainment necessary; weallow amajteurs too much scope to establish 
s \ or perpetrate bad attitudes or to*er§ct new barriers, and we" fail to 

, v - ' control .the standards Within the computer field strictly enough. 

Anyone who can connect some components .can offer a microcomputer for 
sale. Any novice programmer who can devise an operating .s^stpm can 

; comprlete--the offering; Because- the prOjductr v is-~cheap it is bought . 

and ultimately brings dissatisfaction — for. g6od 'equipment and quality 
. software are not cheap. Thus we, estab j ish«a further barrier* for the 
nonprofessional against use of computers in "teaching, and leartfing. 

" * . ' \ * • . . * ' ' ' ! ; " 

' - COMPUTERS IN EDUCATION - - . 

v„* « 

V <^ / * * 

Let me reiterate the-distinction between using* computers ?/i education 
for specialist purposes and using computers for C/ft. *lt.is the latter 
to which ! now turn. Before talking about specific barrier's to the • 
use of CAI, I will cMscuss some general problems and' what CAI seem§ 
to be attempting. We Jcnow that one. barrier is time. .About one hundred 
hours of preparation seem to be required to develop-o'ne hour of 
instruction. Now it might be thought that once this had been done,^ 
horrendous as it might sei-m, there wouJd be no need for any change 
'to that unit of instruction*. If this were the case, foe would have 
only one textbook on "eacfi subject, and no professional teacher^ but ? 
only trainers. ' - ^ m 

We seem t6 have overlooked the fact that CAI is really no different 
from any other teaching methodology. *Good teachers are still "required 
to produce the material and the curriculum. Coristant^revision- Js ~ - 
stjll required to keep up with the social development of the time. 
An understanding of. aims and'objectives for ^articular.situations is 
still required. Unless these problems are solved we create barriers. 

Let me distinguish some^paht icular areas in wiich CAI seems to have 
some advantages. In &mi\g io T shall point cut the barrier-producing . 
problems specific to the area while cecognising that" they are all 
subject to the criticisms I have jjust outlined.. 
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PRACTICAL WORK - \ % J ' 

^common complaint is that students are subjected to insufficient ^ ^ % 

• drill ,,rn Mfcsfc concepts. There. are numerous CA1 systems providing t 
drill sequences in a.H areas of mathematics, grammat ica ^structure ' 
of ^languages, or elementary concepts in science. A fundamental 
p roW em that continues to be ignored by manufacturers is symbolism. * 

* At some lev* U of instruction we raise significaTit^ barriers b^- ; 
demanding that a fr act Ton be input as? a/2) while representing it 

* graphically as & Again, how many^ systems allow one to represent 
division by a r b or areaBle to represent the more commor^ Greek 

. tetters or the integral sign? • j : i » * / 

. I know therp are wa^s in wft%cfi*his can be don but where" a package' 
makes it available, how easy i # s ft to use the package? *Have you ever. 

.tried to represent z? 1 for any reasonable value of, n in these CAk 
systems?. I believe this problem is one. of the major barriers ^to any " 
extensive use of CAI in mathematics- Si nee "mathematical, symbol ism % 
in the textbooks is not going to change, we had better think about 
flow to 'do *i t on a computer display rather bett/er than-4s-4xeing done 
currently* Developers of computer systems would. do well to retalise 

'that we use oyer, five hundred symbols in ma'tnemat ical and scientific 
terminology* 

TUTORIAL WORKSHOPS * , 

■ ' . : ' "J Z 1 ' ' ' 

The outline form of a tutorial workshop on any topic .within a subject 
area tends to follow the. format: present some elementary fact or 
definition, ask a question about an example .involving the fact or 
•definition,* record the answer and time taken. /Various escape sequences 
are also usually employed* such as providing a hi-nt^wards the solut/on 
or providing further information and testing if the answer 'to the\£/r£t 
question was wrong. . ^ %" • ■ 

f . ♦ . ' ' " 

We manage .to produce some classic barrrers for both the teacher user 
and the student user in some of these systems. |f- the originator of i 
the system uses sequential Access instead of random access files, the 

* teacher user Is often presented with/an. inability -to insert new questions 
between existing questions consequential upon experience gai/ied with the 
>e^son. We find a situation somewhat like the uncontrolled use of GO TO 
statements and we very soon lose track of which, addendum a£ the end^ 
be longsHo which originat ing question. Of course sequential* access' is 
less demancTfng on disc space .ano 'easier to use than random access, so 
let's not -worry about the barrier -we set up in the teacjjer's mind! • 



Some of these CA( systems also provide qujte elegant graphics capability, 
yet sometimes with surprising limitations. One with which I am familiar 
has an .animation capacity for objects except that, simple lined cannot be 
TTioved.. I am-still wondering how to represent motion'of a-^re lay 'contact 
-*in a simple diagram to il I ustrate* elementary principles in relay logic. 

s * v ^ ' . \. 

for. the' student user, we should tak'e great? qare to allow second thoughts 
as one would be ^able to do when using paper, and pencil, yet how many 
systems do allow for thi§?. Do we establ i'sh barriers in the student's 
mind by forcing him to continue when he knows the answer to the last 
question was wrong? v * % » 



/ 



CONCEPT TESTING 

' . • / ■ •. . 

Concept testing -is an/ire* that has much promise in CAI. It lends * 
itsel/f readily to tt)t development 6f specialised terminals for 
•particular types of testing and "to various types of responses suited 
to the level of the user. Since* paper-and-perici 1 concept testing 
does not usually allow a second-thought attempt at a question, we do 
not have the problem mentioned previously. It has the great advantage 
of removing human supervision and marking, thus introducing greater 
objectivity. Where tests'are to be repeated, it must allow for some 
randomisation of question parameters *so that answer learning is 
avoided, in arithmetic tests this is achieved by random selection 
of the. numbers to >e used. Anecdotal information* seems to indicate 
an excellent attitude' achievement, for both student and teacher, ats^ 
all levels of its use.. * , 

Given 'the adequacy of the* hardware and softv^re for the task to be„ 
undertaken, I have not come across any specific barrier-raising 

• problems. If any exist,,! should be glad to hear about them. 1/ 
>bel,ieve this use of CAI is perhaps the easiest for^both teacher and ^ 
student. Hbwever, one might question its advantages over paper-and- 
pencil methods where the same degree of objectivity. and remoteness ' - 
from involvement by the tester can be acKieved. The barrier is now 
more one of cost, and the y .best use of the computeV might be in" ' 
generating such test^. T ' t 

* * ... ' ; 

SIMULATION OF EXP§R I McNTS 

/ * — — .» 

j * . • --- — 

There are rn^ny experiments *in the natural sciences that would be too • 
"difficult; "too, dangerous, oV too •expensive to carry out in a real 4 
situation.' Simulation* of such experiments can often be adequately 
represented by. a computer with appropriate graphics c^abi 1-itteTT 
Again, the opportunffcy is available for many repetitions of the * 

.experiment, thus assisting in the knowled^gaming activity. .1 
think it should be stressed that thj><3n never be a substitute for 

* 'carrying but real experaments^palffier,* "i t can be used to learn how 
to perform an exper iment*uc£essful ly, thus reducing the time taken, 
and perhaps also thg^ctfst, in a real situation. As well, the success 
rate in a* real^si'fuat ion might be expected to improve. 

T.hU^afea is, perhaps, most % use'fu1 jn the secondary and early tertiary 
^-tevels. .However, we need^jto take care ..that" simulation do$s* hot becTome' 
a panacea for avoiding alf Jive experimentation, otherwise we winv* 
beg*in to create barriers and wrong attitudes. We must never forget 
' the Archimedian principle, tfiat' science, is 'based on ^experiment. \ 

''■ ' ■' ■■ ' •' ■ \ 

SPECIAL USES ' N 

There are several special uses of CAI that. are only beginning^o^e^ 

* considered Or have not been in use for very long. These attack the 
co-ordination. problems ^experienced* by intellectually or physically, 
handicapped children.* f personally be! i eve ^th is to be the most 

^%5eful and reward Tng area of CAI. There'arc instances available that 

' -3b — £ — _- ' . * * 

* See the paper contributed to this monograph by lain Hacleod, 
Computer Aids for Teaching drawing, and Recognition -of non^-Romin 
Characters to Tertiary Students (pp.5J-'3). 9 




>.show a. distinct .gain by comparison wi th othier methodologies. The 
problem is to. provide .an attehtlonrholdlng' activity, with demands 
and rewards, that 'has great flexibility both for adjusting the 

* a % ttaijwrtent levelaad for changing the* presentation*. Such a speci- 
fication is uniquely suited t<^ computer technology. 

. a \ . 

This is another jarea where I have yet tt find barriers or attitudinal 
problems. 'Teachers involved in this work, have gf eat flexibil ity in 
looking* for, tephVtiques that might succeed* * Thef s.turfents themselves 
derive great satisfaction J rom beirig abte to'siicceed in a world in 
wijch they know 
arduoi^ 
the trai 

TEACHING THE PROFESSIONALS ' , ~ 7 

I would like t^ say a few words -about creating the people who build 
the tool s^/ There is no doubt that. CAI can be used just well fof 
this t evening function as any. other. The barrier' to its development 
has. .been* largely one of time. Teachers of computing spend , so much 

'time develqping compjutfng exercises and, examples 'that little time is 
I^fl [for cAi pursuits. Nor do they necessarily see any specific 

Advantages, .si.nce they are only too well aware of the limitations 

of presentation and the cost of providing what is reaMy needed. v / 

XAI in^this content is best suited to elementary studies, wheYe the 

.student numbers are large. ' '< ' 

We have, however; bther unique barriers to its development. Qualify 
CA;I 'requires both^ quality compiiter prpfessional s and. quality .teachers. 
From th£ computing side ther$ are^a-number jof high quality CAI systems 
that provider framework for : the' teacher^to-operate within, yet't-hey 
have; not attracted teachers; one can only su'pf^S^the reason to be 
-t'h'at-the^r^entfrHor^appear^ -to-denrtand-extdns.f've— tearft+ograbout 
programming; 



There are, /correspondingly, a number of yel ]- thought -out teaching 
schemes, implemented on computers by teachers lacking professional 
computing competence. These appear cumbersome, unmodif iable,* and 
clumsy to the computing professional'. Thus barriers are established 
^oh ; bo£lv sides. 0ne;supp6ses the/ideal; woufd be a prpfessional teacher 
who, is S).s6 a computing professional, but even this may not be the 
answer. ; * . * &* V * ^ * ' \* \, * / ' * * 

It is more Tikejy tjn£t we are faced with a typical computing problem. 

•The nfore we try, t6 generalise a CAI /system, the more difficult it 
becomes to' use, and this is. n&t- inconsistent with any generalisation 
of packages, for part icul^ar activities. As ■ I' commented earl ter, 
specialisation of :a general-purpose software package invariably * 
involves professional computing expertise; Any package of lesser 
dimensions is bound to ^Have^ restrictions which the teacher must 

-accept IF 'it- is to b^ used solely b^ teachers* It may- be that this 
is one of the' central;' problems that create thej>arrr iers against 
greater -use of CAJ 

CONCLUSION * ' • - ; „ % * % "* . / ' , V* 

I have ranged rather widely, In this introduction, from The use^of 
computers in teaching both about computers aind for other subjects, 



; . * ■- - / . 

to training computer profess tapis. Unfortunately tl4 question of 
why CAI has been around so long end yet computers ha£e not impinged 
on teaching and learning, to the same extent as they/have in other 
areas stH) appears unanswerable. I have spec^atfed that the tx • 
barriers might lie with presentation or display 9 eaierof* interaction, 
difficulty of setting up. lessons, and fear attitudes. There Is as 
wet) a continued cost barrier to achieving the type of presentation m 
desired or the type of system required, although the latter is rapidly 
decreasing-. * f 

J continue to believe that currently CAI has Its. most effective 
apptipatton for physically or mentally handicapped children, for 
disadvantaged community groups, or as a specific training aid. 
t hope ♦ however, that seminars such as this one will help us to 
expand into wider uses of computers in teaching and learning. 




In thispsession Dr Ston* addressed the difficult. questions of 
what to choose and Jidw much we can afford. The relative advantages 
'and disadvantages of large computer systems compared with medium ^ 
and snail were also described. Among the main issues raised by 
Dr Stone* wast that white tMe cdst of microcomputers has fallen 
dramatical \y x the cost of programming continues to increase at • 
least in >l ine with inflation. |f ; 

He warned of^ the dangers arising from the restricted field of 
view which is presented by some enthusiasts* Any academic department 
'discussing the possible introduction of computer-assisted \ earning 
should carefully examine the cdsts in terms of both money and* time. 
Nevertheless,, any increased use of computers for educational purposes 
should result in reduced costs for both hardware and software through' 
an increase in trie volume of microcomputers being manufactured, and 
through acceptance by teachers of standardised computer .programs o 
fdr some of their work. M H \ ■ {5 
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INTERACT I VE GRAPH I CS AMD IM AGE DISPUYS FOR_CA! ' ; ' \ . 

* * * .* - ■ • - * • 

«. i 5 : " : ! 

' .. • . • • - ■ • , ; • 

INTRODUCTION 

. ' • ' • -''-*-< 

It Is not surprising, given the richness of the visual world around •■ 
us and our. unique ability to appreciate it and derive vast amounts 
of Information : from ft,' that line graphics and imagery .(both black/ 
white and in cofeotir) would' be considered important as instructional 
aid resources. That the instructional aid apparatus happens ^o.be. - '. s 

a computer does not change this basic requirement for non-numeric 
display. The computer permits a degree of graphical interaction 
with the user/viewer which* is hard to equal by any other means. \ - 

This brief note describes the basic attributes of a range of image . >, 
dljiplay devices and graphical . input/output apparatus. Host of these 
are Readily available for use with the variety of microcomputers on 
the market today. . ■ 

'•' ■ - . '* " " #'.*.'"" • _ "'■ 

INPUT DEVICES FOR. POINTS, LINES AND IMAGES 

The simplest device class for input of ppint and line data converts 
'potentiometer, derived analogue voltages representing X and Y positions 
into numeric quantities which can be stored and manipulated. The 
mechanical positions of the-^oTeiftlometers-afe-sef or shifted by the 
operator.* Joystick* arrange the X and Y potentiometers. In a mechanical - 
quadrature configuration to allow hand manipulation of a single stick 
to produce the X and Y signals; simultaneously. Used in conjunction 
with an X-Y display of the input position point, the Joystick need • 
not be a linear device since. hand/eye coordination is. used to 'draw' 
the display line image. The mouse and the tracking ball are similar % 
to the Joystick "In the use of potentiometer derived X and Y analogue 
signals. The mouse Is pushed around on a hard flat surface; wheels 
arranged In quadrature rotate potentiometers to produce X and Y 
information; liftrhg.the mouse and replacing it at some other point 
on the plane surface does not alter Its output, which varies only on 
rol I ing contact. . A tracking bal 1 produces the required X and T signets, 
when the user rolls a sphere, half, hidden In the device, with the flat. . 
patm of histhand or by pushing it about with his finger. Thunb Wheels 
produce the V and Y signals separately and are . less convenient to use. 

A second class of graphical input device uses a drawing stylus in 
much the same way as one would use a pen on a- writing sheet, One. of * 
the earliest devices In this. class, the Rand tablet, uses a large 
number (1,000) of vertically and horizontally arranged conducting % 
strlpA separated by an insulating material, oyer a flat surfaceten 
r^heS' square. Each line carries its own identifiable code si govt. 
The stylus picks' up the signal of the conducting strip it is closest 
to In the vertical array and* the horizontal array In turn. Pressure 
of the stylfas point on the tablet is also signalled to the processor. 
The stylus signal is decoded, to derive, the corresponding X .and Y« 
position Information which is then transmitted to the computer; only 
ipen down 1 information need be. stored. The Sylvania tablet uses a 

": ■='• 16 . • •. .: '» 
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resistive sheet fused onto a glasrs plate* High frequency alternating- 
current signals are, applied to the vertical and horizontal edges of the 
resistive sheet, the vertical and. horizontal, signals being at different 
frequencies for identif ication. Jhe «phase infoTnat Ion derived frdm the: * 
stylus is used to evaluate X and Y position- The active stylus can be 
positioned up to about 'a quarter of an ln;h from the tablet surface* 
.Projcifoity of the stylus to the. tablet surface and stylus point pressure 
jare. used .to evaluate the ' intent 1 of the user in the context of the 
current X and Y data. A writing stylus^on a thick pad of paper, is. a 
natural way of inputting graphicaf data and producing a marked sheet 
•for future reference*. If the tabled device is sufficiently linear {and 
thrs^^-^e-Jiiien^^ sheets can be traced for computer input. 

An acoustic tablet uses~an-nrftr-asoalc source on the stylus an<Minear 
arrays of microphones along a ver^ic^T^andT^^ 

surface.. Th£ Vpund. travel time, from the stylus to the microphone arrays — 
is used to produce the required X and Y position/ This type of tablet 
can be extended for three dimensional/ input pf position data by adding 
a thirtf microphone array ih th£ Z direction. In summary, graphic tablets 
are generally linear devices which dp not rely on vistial feedback for 
accurate input of graphical data; they are used as naturaUT^^P^^snd v 
pad and are ideal" for drawing and tracing input without the need of a 
display* device- ' 

Many computer users prefeV a 'light ydn to the/other classes of graphical 
^nput devices described) above. The degree of screen interaction made 
possible is its'chief advantage* A photo-detecting circuit in a pen-like 
device picks up light signals from a display screen; precisely when this 
occurs must be translatable into, posi t ion.- This can, be done in several 
ways. If the display screen is a raster*. device which is 'written on' 
by intensity modulated horizontal scans from left to right, and from 
top to bottom 1 ike a domestic TV receivers the instant when the pen 
picks up a light signal pulse^asr the scan-passer by-wlth the~pe<L pushed * 
up to the screen (or hear^it) can be used to. give position information 
by . reference to the raster, scan synchronisation timing signals:. The * 
part of the screen under the pen must, of course, be 'Ijt'-or'no. 'strike 1 
will occur; this means that the user's program must produce targets for 
the pen (a ^tracking cross is a particular type of targefc which can be 
moved around) or the whole screen can be light 'flooded* down to where 
the pen indicates a strike. If the display is an X~Y device with the 
user's program continually generating the brighter parts of > the screen 
at- a' rate beyond that which would produce flicker, the timing of the 
'pen strike must be re Wed to the,* sequence- timing references of the 
program for position* identif ication'. 

For low precision but convenient input/ interact ion, the interruption 
by a poking finger of one of a set of vertical and one of a set of , 
horizontal light beams across the face -of the display device tan .give 
direct position data, given that the .interruptions pf the particular- 
beams are detectable, by arraysrof photosensitive devices.- 

Sirjce the requirement for Vujl image input as distinct from point or 
line graphical inj*tit is muth less likely in a I^AI environment,- the 
subject, normal I y qui te a complex on#, will only- be touched upon.? \ 
Fortphotographic transpafency images, a raster scan by a minute spot • 
of light is focused.. on the plane of the transparent film; the, amount 
of l ight getting through (as measured wi.th suitable photbmul tipl ier 
electronics) indicates the .transparency of that particular part being 



scanned at any instant- the position 'of the Ijeem Is used to index 

a two dimens ional array of vetoes of the corresponding transparency 

measure (converted to digital form) , If a CRT (Cathode Ray Tube) 
device is used for the raster , the apparatus is called a flying spot 
scanner/; Alternatively, a mechanical ly rota t fng and shifting drum m 
can bemused (drum scanner)* Modest design modification el lows for 
the scanning of opaque planar material* Multiple scanning with 

. appropriate filters; is used for colour material scanning; The need 
for acquiring active imagery from live three dimensional situations M 
met by using television cameras of. the TV studio type (raster devices) 
or solid state cameras which are array devices which have better 
position stability and mechanical robustness^ Since a;TV came? a . 

• produces a composite video pattern of the image fifty times a second 
and each frame may represent some 300*000 spatial positions, the 
intensity at each point being perhaps accurate to 1 part in 64 for" 
each colour (If *a« colour camera is being used), a vast amount of 
Tnforiwtfon-U^ considerable rate* Microcomputer 

ipterfacef are avai lable ft o l <^luYe 4 ~a^^ 

q& the f I V-at*d create an ariay^of intensity values in memory. 0iici~~~ 
In memory the image can be manipulated and* redisplayed but not In 
real time for any but the most trivial of operations unless specialised 
processor- devices are used* J ' '-Jfr 

OUTPUT DEVICES FOR POINTS, LINES AND IMAGES, 

Output devices in this sphere of interest are easf.er to describe than 
the input devices of the previous section^ sTbere are basically seven 
types. . ' ; ■ f- 

The crudest output device of graphics or imagery Is the common hard . 
copy* device, whether a teletype or line printer* The position end 
"type of standard Alphameric characters can be manipulated to glvjft — 
low accuracy output graphs of various kinds. Al$o arrays of carefully 
selected and/or ^overprinted character* can be used to produce output 
images. A dot-matrix printing device for which each, printed 'character 
is created by select lohs of a number of print pins arranged in a small 
array 7 (5x7, or 7x9, or whether) can be used for high quality 
-graphics output, and also 'for mfedlum qufel ity black and white Image'.- ~ 
output using half-tone* technique* where the perceived darkness of 
a point on the image is proportional to the density of discrete' dots 
in-the jdclnlty. X~Y plotters and digital plotters can also produce 
a rpngeof graphics and brag* -output. 

Noi^of the output devices above can be used in an interactive way, 
and all are relatively slow in opetat ion. The four remaining typfes. 
of output device described here are all electronic devices capable 
of high speed operation- The direct storage tube Is an X-Y output 
display C*T where a charge pattern Is stored on * screen 1>ehJnd the 
phosphor layerj^l^tjtis ^ttern is imaged on to the phosphor by a 
flood of electrons. ■ ^ . 

Since tfle charge pattern can usually remain for morjkthan ten minutes, 
it is possible to 'draw* out to the. tube sequentially, perhaps calcu- 
lating the : trace as <me goes, and to see the partial and complete 
image without needing to have had the entire set of relevant position 
data in computer memory at one time. - This aspect can be significant 
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since storage tubes car^ have resolutions from 1 000 x 1000 to 4000 x 4000 
^points, the latter representing 1 6 million bits of viewable infoffet ion. * 
'However, .the common direct storage 1 tube devices. on the market (e.g., 
Tektronix 401,0 arid: 4015 series) do not allow partial .erase of the 
screen; this makes dynamic interaction almost impossible. Usually, also, 
there is the restriction to a ; singU colour and one bit of intensity 
/ information (ON/OFF) * Refreshed CRT devices are of two kinds. The X-Y 
I variety require the regeneration of the , random scans associated with 
— the pf^i.nt-and- line drawing sequence above 20 times per second to avoid 
flicker with relatively fast phosphors. Graphic output taWes in the 
computer are scanned over apd over ag&in and a, considerable load, is put 
on -the computer to maintain the image. However,' interaction is simple 
with any of the graphic input devices described earlier, as these tables 
can be dynamically altered at#the„rate of repetition of the scan, perhaps 
during a small* sHce of time reserved for alteration." A raster-ref r*shed 
CRT is (driven from a frame store which needs to have the' storage capacity 
associated with the intensity and spatial resolution of the screen,, not 
simply -the complexity of a specific drawing or image (as in the case of 
the X-Y CRT) . As. memory is getting cheaper, these types of • devices' are 
becoming more popular. An added attraction is the compatibil ity of most 
available raster-refresh CRT devicesjdjtojtte technology of domestic TV 
equipment.. - If colour' imagery is required wftfiT 6ayT-arspat4^1~res^ 
of 256x256. with 16 levels of intensity for 'each of red, blue, and green 
components, some 768000 bits of frame store memory ar£ necessary/ Inter- 
action' is achieved by reacting to an input devlce.by altering part or all 
oi ? the~~ffame store information. The norihal refresh function is often 
^completed \p the display sy^t^m, relieving^ the main processor of this 
chore and maki/ig i t avai labje for other computations, including, perhaps, 
< the gathering or manipulation needed for the next image. Finally, plasma 
-panel devices consist of sheets of 'glass entrapping bubblesof-hel ium/ 
neon and other gas mixtures) Jhese bubbles are excited into fluorescence 
.by supplying voltage to grids in vertical and horizontal di rections* on 
the*g4ass. A Jower excitation voltage will maintain the glow after an 
initial higher voltage excitation sKgnal. ' Thus some of the advantages 

* of the storage tube are retained. / Because the plasma panel is not an 
electron-beam device, it is not limited in size by the square-law driven 
requirements for high electron-beam accelerating voltages necessary for 
CRT devices. Some work is currently being done to allow for multicolour 
plasma emission. Mentioned only for completeness, the flying spot 

* scanner and the drum Scanner devices described earlier can be used in 

- reversed or .producing photographic images from computer output. 1 , 

C0NCLUSJONS # - • - v * 

Luck.iy, despite* the inherent complexity of some of the devices described 
above Innovations in micro-electronics and the economies of scale Have 
made most of these available for the microcomputer user at relatively 
affordable prices. Potential CAT developers would be stroriffy advised 
to consider seriously, amongst other things, the range of su^ch devices 
available for any candidate machine before selection for purchase; 



1NTR0DUCIHG PfiE-HI- STORY AND ANTHROPOLOGY * STUDENTS 

TO THE USE OF THE- CtoPUTER • :£ ; ' ' - 

« . -, > », - * - . * . 

« '<a? • - • 

• , >— j — 

Problem* encountered by Honours students in' the Australian National 
.University's Department, of "Pre-Hi story and Anthropology were outlined 
by Dr Harrison*. These Included the rapid growth of the Department^ 
into one of tjie, largest in *the Faculty of Ar,ts, a jm^cc^ptB^^by 
older academics of new technologies, and a^nfuslonbetween survey 
work, statistical analysis, compu^gr^a*i3 computer-assisted learning. 
An, unexpected problem wasstaiiderrtv lack of familiarity with a type- 
writer keyboard, an. ess*fftial element in any computer operations* 

Mn order to overcome students 1 pre-conceptions as to what a computer 
can do,^Dr Harrison provides hjs students with simple, wel 1 -documented' 
program' systems and instruction manuals. These should be as* fool-proof 
as possible. For example, a large notice is required stating how' to- 
switch on and log in^to the system'," and where to ftnd*the RETURN 
button; . • _ , ■ 

Students are taught the elements of three types -of applications, 
namely, data-based management systems., statistical analysis, and 
word processing. A's part of these appU cat Ions they a re -taught the 
Use of the Editor, how to run a program, and how to use the SPSS 
package. * , - • " - 



THE MATHEMATICS LABORATORY; AT THE" .CANBERRA 
COLLEGk OF ADVANCED EDUCATION (CCAE)*" 

Jo E'dxtrks and Jff Baskett , .. 



BACKGROUND* \ " 

. V \ ' ' - . 

CCAE is a multi-disciplinary establishment, with six Schools offering * 
cpursesat the diploma, degree, graduate, and post-graduate levels* 
Students comedo CCAE from Canberra and surrounding areas in NSW, and • 
there are also significant numbers from elsewhere In Australia and 
from overseas* Over 50 per cent of the students are of 'mature age 1 
and have had a,bVe&kof some years since they undertook formal study. 
Even if a student currently resides Jn Canberra it Is likely that 
his secondary schooling was undertaken elsewhere. * 

Soon/after CCAF admitted fts first students it was recognised % that 
some .students were having problems with their courses .because of n * • * 
lack of basic mathematical skills. In the early day? of the College 
the students were mostly enrolled in Administration and Accounting 
courses, then as the College grew new cpurses/made numeracy demands 
upon* students and the range* Of problems widened. The Co? lege responded 

by offering bridging programs, both short course* and semester units v 

* * * » ^ * * 

The problems which many students have with basic mathematics are 
recognised in tertiary institutions across Australia; these institutions 
respond jn ways which are* determined by the ir^ own structure and that 
of their student population. j CCAE decided that the response most 
appropriate far its situation was to replace tbe bridging programs 
by a, mathematics laboratory, and this opened, in 1978; . 

THE 'MATHS LAB 1 * - v % * ' ^ < * 

The CCAE Mathematics Laboratory ^offers 'assistance tt^any College 
'student having jtjpublewlth his course because of a lack of basic - 
mathematical sk1\1s'. The Lab w* s deliberately designed to be flexible 
in its response , to changing courses, changing secondary curricula, 
and changing resources* . J , "* 

Many of the students seeking help from the Lab are of mature age, 
some already graduates, who have" forgot ten previously mastered -ski 1 Is, 
or who are baffled t>y new terminology^ Since CCAE admits students 
from a number of different secondary education backgrounds, many 
younger students- find that there ere gaps In. tbe basic knowledge 
which lecturers assume they have. With over sixty courses. at under- 
graduate levels, the jrequi rements of the courses are as varied as 
the backgrounds of the students. Needed skills range through: 
arithmetic, iixt^pretin^graphs-, basic algebra, trigonometry, ba*ic 
calculus, i ft " - ■ 

The approach of the Lab is to diagnose needs individually, ip terms 
of the course being taken and the current cempetenfcies of each student. 
Then the student is directed to t individualised materials arranged as 



21 



19', 



' modules* .supplemented where necessary by individual tutorial help, and 
tested for mastery at internals** «- * * 

Different* starting points for each student and subsequent self-pacing 
mean that many students may be doing. the same thing at different, times; 
this is in terms of the .material, they are studying, their needs for * 
assisted 'drill sessions and their attempts at mastery tests* There 
is virtual ly unl'lmi ted 'scope for computer assisted learning, computer 
^assisted testing, and computer management of the , overall "activity » 

- ■ ■ - / 

WHY MICRQS? . 

.Funds were not available fpr a mini-system, and interactive use of tf)e 
CCAE Computer, already overwoYked, was not* a* viable proposition. After 
some investigation we acquired a 48k, Apple II microcomputer . The high 
resolution graphics and the fact that, a number of institutions ^nd \ 

/schools were starting to use AppWs were encouraging factors* 

Numerous enquiries ml Austral ia and overseas for available software 
gave disappointing results for various reasons* Often 'CAP packages 

- were.founjj to be drill or practice sessions rather than- concept teaching. 
Most pacfeges at the level we need have. been designed for primary or 
secondary school use and are just not suitable .for adults* Still others, 

• while looking promi s ing, ^did not quite fit-into our system. It soon * 
became obvious that, aswith the printed modules; being used in .the Lab, 
the majority of the material was going to have to be developed' aV the 
CoJ 1 ege . : ' * 



MICRO SUPPORT FOR THE LAS 



Wbrk is proceeding in 
of micros in the Lab. 



four different directions in developing the role 
One direction is asaij alternative form of teaching 



and expanding those concepts nith .which students are having difficulty. 
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Workshop sessions arej often run. In the Lab for students needing drill 
and practice on a particular topic. These are to be supplemented by 
more practice on the (microcomputer*, which will have the added advantage 
of being available for more hours >than the tutor in the Maths lab. 

Another area of assistance is in the marking of mastery tes+s** A lot of 
tutor tin\e # is spent on mark-ing work that is essentially correct, and 
when this*'is done byjeomputer it frees the tutor fort the individualised 
Jielp for whfch the Lab was designed. ) \ 

An overall computer management o£ the *Lab would be very useful,' with 
each student's program of work set up and marked off as complete.. 



PROGRESS • • . V* * . • ' • 

i , * • 
Due mainly to lac£ of time-, there has been real progress in only one* of 
the .four directions. Attached printout shows part of the mastery test 
which was designed for the first module (Operations on numbers) which 
includes work on negative numbers, fractions, decimal and percentages. 
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'The test needed to be interactive, randomly generated, with feedback 
t given to the student oh wrong answers* For this test it was decided 
* to pre-format the question and randomly generate the numbers within 
bounds in each question. The test was designed, tried, modified, 
and has been subsequently used .in the work W the Lab. The answers 
are* marked as soon as they are input; if- incorrect, the correct 
answer is given, and the total score and result displayed on the 
screen at completion. A printer output is 3)%o generated for the 
student, incorpojj^wng any questions incorreitly answefSd, the 
student's respoiwfT the correct, answer, and also the total score 
and result.- This means that if necessary- the\ student may get 
individual explanation and°tuittbn from the-t^tor. * „ ' 

This type of testing produced various responses from the students. 
Some fcjlt that it vias ilVke a* little friend talking to you 1 artd 
others found* it too ijpperson^l^ Obviously a lot of thought needs to 
go into tbe dialogue to strike a happy medium, Wounger ^students 
familiar wr th, cqmputers were quite eager to be tested fti this fashion 
and some epfen insisted on trying the test again to get a perfect 9 . j 
score. $ome older- ones, unfamiliar with technology, felt, t my "had// 
enough to cope with catomng up with study without having to lit f 
down in" front of 'THAT! \ as Well: • For maximum benefit, then, the 
program will be altered to aflow either fory interactive use. or to 
generate a printed test for a student wittv a separate sheet of « , 
answers for the tutor. It will be extended also td testing all the : 
. modules but the style will be changed. Instead of pre^fbrmatecl 
questions for each test, there'will be a bank of questions and various, 
test types so that; a particular t,ype*bf test (for example, a test on 
exponentials and logarithms) can be. generated beforehand for printed >. 
•copies, or at the time for interactive testing. In this way, new 
test type^. njay be quickly generated* * * 



PROBLEMS 

?' ^ 
There has been slower^proqress iA the other three' directions. 

A number of questions and difficulties have arisen, and While solutions 
have been found to some, others remain, and in some cases may be 
peculiar to our particular .system. There is the continuing lack of 

-software in the maths a^ea and \ fhe time-consuming problem of writipg 
our own. The biggest problem *<5f„a II , however, is ope of trfbninology. 
Most; of the students using the Maths Lab are not Computing students ~ . 
as.already ^explained, often their basic skiljs'may be rusty or they 

*h*ve had to leafa new maths terminology. For .the computers Jto be of > 
use^to these students they need to see the same notation the screen 
as thgy will see ^n their textbooks and to be able to input it from - 
the JceyboardL^ themselves. So expressions such as t ' r , 

/ • ^y 7 . , (xi.yx) • % : \v % % f l %% - • - 

and even fractions in the form - ' 
/ A ' s 2x+ 1 ,• x* +\ 

m * • * • «» 

1 " ^ * , 

* . <3 t 

not only need to be seen on the screen (which isn't impossible but is 
/not straightforward) but need sometimes to be input by the student. t . 



It is not fair to ask them to use t or ** far exponent i at ion **or to, use 
the notation (X(l),Y(l)) to represent a point on a Aline. * * 

WHERE, IN TtiE FUTURE? " * 

First of aH w$ -hope, to have more micros available *fo the students for 
more hours than the Lab is open at present, ; 

Work is progressing on setting- up random tests for all the modules and 
on setting example sheets for workshops run in the Lab. It is hoped 
that eventually this will be incorporated into a management system of 
the Lab with access to the central computer through the micros for m 
storage of student records, reference tc\ diagnostic test results and 
■archiving of fil^s. \ " ~* "> 

Attempts wi 1 \ 6 be Continued to 'acquire jtore teaching modules suitable 
for adults— in the meantime, any spare time, will be spent in design inl- 
and writing suitable mater al ourselves, particularly using the very 
goorf graphics capabilities of these machines. 



THE FOLLOWING ARE COPIES OF QUESTIONS IN WHICH YOU MADE ERRQRS. 

»»»»»*«»»«»¥»»»»»»»»»»»;»»»»« » » »jHHHHHHHHHH H H H HH » »»»«»i 
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3 - A r, 
MULTIPLY - BY *- 

."2 i 2 

LEAVE ANSWER *AS FRACTION BUT GIVE IN 
SIMPLEST FORM. 

YOUR ANSWER **AS': 12/10" ' ■ %* . 

* • . . . 

THE CORRECT .ANSWER *WAS:* 6/5 * 



s DIVIDE 10/15 BY 2/3 

XEAVE ANSWER AS A FRACTION BUT SIVE 
v IN/ ITS SIMPLEST FORM. ' t ' 
YOUR ANSWER WASt 4/5 

THE CORRECT. ANSWER * WAS I 1 



SIMPLIFY 3/4 " 
6 • 



■ t 

W 

CEAVE A'NSWER AS A FRACTION BUT GIVE. IN 

ITS SIMPLEST 'FORM.- *« 

YOUR ANSWER WAS : 3/24 . • » ' 

c « 

\HE CORRECT. ANSWER WAS: 1/8 



v 



\ SUBTRACT -3 FROM -7 
YOUR ANSWER WAS: 4 

* • * « 

THE CORRECT, ANSWER ftAS* '-4- 



A HOCKEY TEAM WON 25* THE 
TOTAL NUMBER OF GAMES IT PLAYED. ' • 

IF IT WON 10 GAMES t HOW MANY DID 
IT PLAY? - w . 

YOUR ANSWER WAS: 2 * 

THE CORRECT ANSWER WAS: 40 



STUDENT NAME: JO BASKFrr -I.D.: 123 

. MODULE: Al i^,£: 11/5/81 TEST MARK: 13 RESULT:* N 



COMPUTER ASSISTANCE IN THE TEACHING OF HINDI 

• • • * 

/?. K* Bccrz 

* ' « * 



THE DEVAHAGARI SCRIPT AHDJTS CGWUTER PROGRAH , 

Hindi, the off ic'ial • language both»of India as a whole and of six of . 
the states that make up that republic,' is written in a syllabary * 
known as the Devanagari script. .The Devanagari script has a very 
.respectable antiquity in India, directly stemming from an earlier 
syllabary invented there more than two thousand years ago. In addition, 
to Hindi? the v Deyanagar i script is also. used for Nepali, Harathi, 
Sanskrit, and numerous other languages spoken in* India and the" kingdom 
of Nepal. All fcifcld, "over 300. mil I ion people express themselves in 
writing through the Devanagari script. As a native Indian form of 
writing that- is -perfectly suited. to*the phonetic structure of Hindi;. 
an<Tbther south. Asian languages, {he Devanagari .script has been able 
, to resist powerful "moves made in the past to replace it with either \ 
the *Arab it or. Roman scripts. There is, therefore, no doubt- at all 
that it will remain one of the world's five or six major writing 

systems. . • * ^ 

? . - " ... . 

in ttV > ight of the importance of the Devanagari script it ,1s not 
surprir* g that there should be a strong interest in devising a°computer. . 
program by which Devanagari texts might be reproduced rapidly and clearly. 
*A pioneering attempt to create such a program was made a few years ago 
here at-the ANU by J< B. Millar and M. C. Newey in the course of their 
research into arbitrary font printing systems (Miliar and Newey, 1 977) - 
Meanwhile, V. Glover, a linguist also working at the ANU, was trying* 
to find a way of printing a previously unwritten Tibeto-Burman language 
of llepal called Gurung* Gu rung, speakers were already fami 1 la? with 
Nepali in Deva.nagari script and wanted the same writing system for „ t f 
their own language. There are, however, no Devanagari printing 
presses in Australia. Devanagari typewriters can be obtained here 
with difficulty but Devanagari typescript, an example of'which is 
given below 'in -Table' I (Tables I, II and It I, were all produced by the 4 ' 
ANU Devanagari program), Is rather clumsy and ungainly and is not 
acceptable to the. Gurung. The. only recourse seemed to be a fully 
developed computer program and so one, was set up by J. J. MHIar arid 
U. Glover (Millar and Glover, in press). At the same time I was faced 
with the.. same problem ir* printing teaching materials forjrry Hindi * v 
classes and in trying to put my Hindi textbook, original ly produced A 
in typescript, into a more satisfactory format. I am grateful to" "\ * 
Bruce Millar and Warren Glover for introducing me to their Devanagari , 
program. and for guiding me in its use and also owe thanks to Arthur, 
McGuffin for Jhis patience in showing me, a complete novice, how to 
operate a computer.. - 

The ANU Devanagari program uses the RT-11 operating system on a ► " " ' 
Digital Equij**ent Corporation model POP ^^~k0 computer. The actual 
typing of a Devanagari text on the.Tektronix terminal keyboard uSed^ 
with this computer is not a complicated procedure and requires only. - 
that. the person typing the text memorise the pattern of, correlation 
between each upper and lower case Roman letter on the keyboard and a 

* # ;V * '2e - ; 25 . . 



7 



J 



;\- . particular Devanagari, symboj. thus^as illustrated in Table I, the 
Devanagari letters representing the Hindi word pronounced pahale * 
. {'first 1 ) are produced by typing the sequence l kx,n , » The terminal 
screen wi'U show the resulting word In Devanagari .script only. The 
; , Devanagari program allows for words in Roman script to be inserted 

(see Table 111) anywhere within a Devanagari text so that Hindi words 
? and sentences *may' be given together with their English equivalents. 
\ Jn this way a bilingual tpct may' be printed by means of the Devanagari 
program and ~£ he frustrating need AqF two. typewriters to produce a ' 
^ bilingual text is avoided. \ .' ' - 

*\ * :. *. / * ' . < . ' -+ m ~ 9 

[ ' . * . . * ' - 

THE MATURE OF THE SCRIPT* • \ / ' ''■ ' 

... t , The basic Devanagari script, which is displayed -in the traditional 
arrangement of letters In table If, has 1 5k symbols. Twenty-one of 
' these represent vowels and 33 sta.nd for Consonants. Since the script 
is a syllabary each consonant letter always, unless combined. with 
another' sign or altered with a diacritical mark., stands for ttfat 
* consonant pronounced with the "vowel short , a*. j The vowel signs are of 
* two type's: eleven^of them represent a vowel standing alone or as the 
. , * initial sound in a syllable, and ten of them (no symbol is needed* for 
the, inherent short 'a 1 ) are joined* efther. before, behind*, under, or 
above a_ consonant sign in.qrdter to indicate the vowel that is pronounced 

* after than consonant. Words are then built up as i 1 lustrated in Table 
J I h. There is orjly one 'irregularity in the script as it is used in 

m Hindi:, a medial or final short 'a^ is. not proneunced, although the . 
, -vowe) is implicit in the script. This does, not: cause ahy;j>roblem in 
v comprehension. . * 

There *remain£ one ffnal intricacy in the script. Its originatdrs had to 
' , ' overcome the problem, which arises in all syllabic systems, of indicating 

* that two or^„ rarely, more consonant sounds are pronounced together 

- . without an intervening*vowefWThe solution hit upon was to form conjunct 
consonant sign^.. In most cas^s these are simply 'made up of the first 
<, , half of one. letter attached^to the full form of a second letter, but at 

„ * least six conjunct syllables are so changed as to_£e no longer anal /sable 
<) I - into the ijr component parts (c f f. the examples kissa, mittnat* and sodveg 
in Table Mil).- With these six signs* the total "number of commonly used 

* Devanagari letters, rises to o0\ Sixty separate signs and a large number * «, 
<3f conjunct consonant symtio1iS~~do not cause any inconvenience J n hand- 
writing, but 'they do lead tq obvious diff iculties for a^typeWriter : „ 

* V. ^keyboard. It' is the awkwarc| methods for producing conjunct consonants 

that must be resorted to' on .the Devanagari typewriter that make Devanagari 
-typescript so unattractive. 1 Thanks* to th$ ,f lexibij i ty of the ANU 
Devanagari program the computer is able to produce any conjunct consonant 
symbol jt^t as ittwould appear, in handwr it ing or print. 

' ' r • '* ' / \^ \ >> ' ' - . ' 

INSTRUCTIONAL USE* OF THE DEVANAGARI PROGRAM ' ^ 

* * • * * * * A . - * , ^^""***-^ 

As I have just recently acquired the technical ability to operate the ^ 
Devanagari program, it could be put only to limited use for my.Hindi 

* classes in 1980. . Its primary role during that year was , to produce ^weekly 
written assignments and vocabularies. This material will eventually 

'.* constitutes substantial computer file that will allow more interesting 
W : assignments to be given in coming years. .At present I anrfeedi.ng into 



other files a mass of example sentences gathered ; from a wide range of 
works of fiction /and. non-flctfon, including newspapers and magazihes * 
along with books, as welt as sentences transcribed from taped 
con ver sat ion s* These files .will then be sifted for illustrative 
material for V new edition of my Hfaidt textbook, a task that would t 
be yery tedious and time-consuming indeei without the aid ofthe 
Devanagari program." Projects for tHe future which- involve the« - 
computer include the production of te$ts that would otherwise, be 
unavailable to students and the creartion of a program for the printing 
of the modified Arabic . script used for Urdui another language taught 
In my department- Looking further into the years to corneal would 
like to develop prog ram oh ~wh|ch students could practise Hindi 
sentence con st ructions. Su.ch an instructional program could supplement 
ordinary classes ,in much the s.ame way as dp existing audio* and video- 
taped materials/ ifi the language laboratory- : 
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Hindi text as printed by tba 
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Hindi text in Bonn transliterations 
- pabajla to nirishas a* warn kaM bfai Mini nahi dskfcl thi. 

Hfa&Usb translation; 
7 Ha had nsfar fiafor* smq a aywu anyabar* in Mauritius. 

- j/ Hindi teact in t y p es cri pt* 
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ks kha 9* gba na. 
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c* chai ja jha m 



to tba da dha aa. . 



ya ra la ra 



Ami m si hm 



tor: 



to ilia 4a dba aa 
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Script as • Syllabary 
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aaina aynah bird 
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o* den • . - urg deer 



,» ek one 



« Jwli banana 



/ 



da 



■5 



dvar 



• dra 



UtfING -COMPUTERS IN TEACHING PLANT SCIENCE ^ 

E. G» BHitain 4 



INTRCJOUCTIJON / '•••.!. 

use of .computers In the- ieachlng. Which I undertake falls into four 
sect ions,! the first two utilise a iwtn-frame computer, the second two 
make Use oft a microcomputer* • ***. *' ' ..-> 

UNJVAC 1100-82 MAIN-FRAME - ; . * 
T. Preparation, maintenance and production of lecture 
. semi -notes. 

2. . Operation of a population model for use In a practical 
- - class. ".;.*•. • 

TRS-80 MICROCOMPUTER . - 

3.. -Data reduction for a practical experiment. 
k. Back-up operation of the model mentioned at 2. 



LECTURE NOTES * - v _ ' • 

In* * V * * 

in the 1974 academic year I first produced and distributed to my 
classes a full set of semi -notes. Until .then I had been unwill ing^ to 
( ssue , typed notjes, believing that the" inflexibility of the methods 1 
hitherto available for their preparation would result in my course 
failing to develop as rapidly as the advance of knowledge in the 
field of plant physiology, demanded^ ! , 

The. aval labil ity of "a document processor on the UnWac, along with 
a powerful text editor.and good facilities for storing the material „ 
;and for printing it put, made. it feasible to producexnotes which 
could be updated freely and easily each year. The production of 
nbtes for distribution has also had a strong disciplinary effect 
on my lecture iffr;ei)arat ion* My professional competence can now at 
any time be examined "by anyone who acquires a set of the notes. This 
is in marked contrast to the situation which obtains when the only 
written record of the course exists in the lecturer's private scrawl 
and in the dubious versions written in haste by the attending 
students. The' Improvements In precision are considerable. 

During -thenars: since 1974 word processors have' overtaken this use 
of "the computer \lto * -very large degree, although the power of the 
text editor is s?ttl,l super ioc to the- capacity of at least the 
ordl nary, word iprocessprs . *' / * ] ^ . 



•POPULAT I ON' MODEL 



^1 



The population model contains "four differential equations of 
significant complexity and having no analytical solutions.. Their - 
dynamic development, as successive solutions are obtained numerically 
and built back into the equations as parameter values, describes the 
J>ehaviour of the model . 



The.model Is. implemented in FORTRANT^lt^represents two plants which are 
in competition with each other and.tWo parasites, one specific to each 
plant* Provision exists for' harvesting the pt^nt^and for spraying the 
parasites and there are associated costs for tljose Toper^t fons. The 
students operate the model interactively in attempts to^ctevlse strategies 
. which are aimed at certain set goals, In doincf this,* the stuitent^ learn * 
the complexities of the behaviour of a mult i -component model when Tt 
manipulated. Insofar as the model : represents real, life, they also -learn 
something of the behaviour of rea,l systems iinde!r management. At the same 
time the philosophy which underl ies the use of models , which enables 
- 'experimentation 1 in circumstances' where experimentation may not. in fact 1 
be possible and which permits judicious simplification, becomes apparent. 

DATA REDUCTION ; 

, One of the experiments in. my practical course needs to be carried out 
in t>rder to keep the course abreast of an important technique which is — 
widely' used in research in this field. Unfortunately the raw data 
obtained have to be taken through a complex calculation before meaningful 
physiological measurements are obtained. In most research laboratories 
the experimental equipment is connected on-line to some kind of computer 

\ so that the computations are done jn real time and printed out at the 
operator's console. 

it Is not feasible to do this in the class situation, both on'the grounds 
* of expense and also because It would bypass a great deal of the learning 
process involved in the°exerclse* 4 ^Instead the raw 'data are recorded on. a 
simple multi-channel chart recorder and the ficjures are then typed into 
. the microcomputer t>y the students. Intermediate, results are 1 presented 
and the student is Jed through the calculation in a logical and under- 
standable pathway. At the same ..time the 'tedious labour is removed Dy the 
computer, PVogrammable calculators have bjeen tried .here, but found 
unsatisfactory on account, of thetir inability to provide textual 'message's 
and prompts, -which are~ essential to provide comprehension. 

» x » - - 

" * ' * * • * 

MODEL .. - ' -' . . 

The model .described above is also implemented on the TRS-8Q in BASIC. 
Its operation is slower than x>n the Univac 1100-82, but provides useful 
backup against the possibil ity of down time, during class, and also permits 
students to do extra work outs He class tirpe. 



MI CR0PR0CE5S0RS IN CHEMI STRY ' 

<?Zif/ Henderson and Ben Selinger m 



INTRODUCTION : " . >v * ^ 

Chemists are Intretfjd model builders* They need models because ^the 
things they deal with— atoms, molecules, bonds,, etc ♦ —are too small 
to observe. Chemists, like lawyers! often argue their subject by 
analogy (i.e., precedent "from previously known behaviour) , 

Consequently the learning of chemistry involves d^reloping the craft 
of model building ahd simulation/ Chemistry also invol ves~ muchr 
calculation* This can dominate areas of the subject* to such an 
extent^that the chemistry cannot be seen because of the calculations. 
These calculations wrongly "become an end; in themselves* ^ 

These then are some; reasons why both analogue and digital computers 
are beginning to be seen to have an important role |n the learning 
of themistVy** • * 



ANALOGUE T ^ - 

We have had a decade M experience in analogue computer simulations 2 ^ 
which have formed an effective, self- 1 earning, self-paped •practical* 0 
unit* this unit Was based on the classip $&per by Tabbutt 6 but* was 
then greatly expanded* * 

Use of the earlier analogue computers required a background knowledge* 
of electronics and circuit theory* Indeed, we found analogue 
simulation a useful way of introducing instrumental I y relevant 
electronics to chemistry students and developed ways of doing 'this 
wfchibut much of the usual formidable groundwork '(of. Biochemistry 
with Chemistry). . • ~ v\ 

The feedback, system is the essence of analogue simulation. Feedback 
is, a concept which ^is fundamental to, the understanding of basic 

* In considering the whole area of (computer aided learning (CAL), 
there is to be found a uniform assessment throughout the educational 
literature that the real problems are in the software area. This is 
mirrored in the Acadewy ^report* 1 It is argued that a typical one- 
hour lesson cobid Involve well over one hundred, hours of program 
development. Several languages have been used for .writing courseware,, 
but standardisation Is slow in coming* Jn the hardware area, micro- 
ppmputers of fer. fast and Predictable response times, wHlch removes* 
.the. frustration of, the*\dng or Variable response found with time* 
shared systems** The raprdfy increasing standardisation, popular! ty, 
and availability Of microcomputers (including in'the home) will allow 
students to borrow or copy discs for <kit-of~school*use. Jn our K view> 
the future of CAL lies ttitH the dedicated microcomputer. T < 

In this paper, however, we. are not concerned with the traditional 
. CAL. We jyish to discuss .the use of microcomputers for si*.. *lation 
studies.' /*' * . r :./»' 



processes in biology, ecology, 7 engineering systems, social systems, 8 
*nd even the process of scienceMtself ? Analogue simulation* has the 
^ower of ~g&i^UeaUon. The ei gen function solutions to^he wave 
equation in ; quantum mechanic's could also have been the aerodynamic 
oscillations of an aircraft wing* in both cases, the need for % 
mathematical manipulative skills \s greatly reduced in comparison to 
analytical solutions— with a corresponding decrease in apprehension* 
PhyedcaZ; control of variables (he., by turning a knob) can be more 
'satisfying than artthnetic controls 

However, in the more recent analogue computers with microprocessor 
control units, much of this pedagogic purpose has been lost. 



DIGITAL 



V 



T he trend towards small, dedicated digital computers using micropro- 
cessors, was a natural, one.- While not replacing ^the special advantage 
of analogue machines (particularly with respect^ to differential 
equations met in areas such as chemical kinetics artd quantum mechanics), 
they are nonetheless^ much more versatile, more accurate, and more 
convenient* They have the. same attraction of interaction. They do, 
however , lack the "freedom of innovation on the model beyond what has 
been foreshadowed in the programming (to a greater or lesser 'extent) 
— unless the .user' i s a skilled programmer'* To comfngugenerations of 
students, computing will no doubt be second nature* * 

'Arithmetic 1 , is so familiar to us nowadays that we forget 
how hard it was to multiply large numbers before the invention 
of Arabic, numerals. The Arabic* system is one of the greatest 
achievements of the human intellect; and is central to the 
V whole realm of quantitative science* 

This Arabic system has two properties, descriptive and 
..manipulative* The descriptive property provides a compact 
notation for large numbers; thus any number between 1 and' 
10 million can be written as a string of just seven symbols. . 
.... The manipulative property isthat, using this co^act 
notation, we can still carry out all the -operations <jf y 
arithmetic. What a remarkable, case of having one's cake ' 
and eating it! 10 \ * * ) . 

A world without personal microcomputers will be as hard to imagine for 
the new oeneration of students as a world without arithmetic is for us. 

, -/ •* - ■ - r " 

T^E TASK • ^ ^ • 

Jn choosing the areas to develop, our cri terfa'were as fojlows: 
, 1. the prospective task must be performed better by the 
microcomputer than by other, traditional means; m 
2* the output should be dynamic; 

3. the task should be interactive and allow modification 

by the student* * *' * 

In a sense, the chemical problems had to be made as attractive as the 
computer games whose fascinatfon is already legend. 

- * - _ . ^ 4 

. * . * • • 

From a large number of attempts a few tasks Mere successfully completed. 
A major problem with mosj'real fstic simulations (in our case with a 
Challenger -Ohio instruments microcomputer) is that they run too slowly 



in BASIC but are too complex to write comfortably In machine code. * 
. A compromise is reached fn writing critical routiner in machine code 
(leaving the rest in BASIC),. A better approach, is to use a compiler 
program to produce macMni code programs from programs written in 
languages such as FORTRAN Or PASCAL. "* ^ 

- Possibly one. of the most fundamental arithmetic functions in physical 
chemistry Js the negative exponential. Phenoroeno logical ly it describes 
the, decay of radioactivity of an atom f v the time dependence of lumines- 
cence decay of a light-emitting species, the. kinetics of a. f i rst-order 

i chemical reaction, the (approximate) change in density of the atmosphere 
with increasing height above sea -level, the decrement in light jrvtejtsity 
as- light passes' through an absorbing medium, and so on* Theoredxal ly^ • 
the negative exponential is the basis of the Boltzmann distribution 
of the population of quantised energy levels as a function of energy. 
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*lNt the population, El the energy and gj the degeneracy, 
of level* i; k Boltzmann *s constant, T the absolute 
temperature, N the pppulati6n of the zero energy level] 



STEIN SOLID 



¥ In an Einstein solid the atom's are Represented by art array of 
'.oscillators possessing uniformly spaced, qtiantiised energy levels 
with an assumed zero ground level. . } " * , 

Initial ly* each oscillator fias one quantum of energy and transfer qf - 
this quantum occurs according, to the following ♦algorithm} 1 An \ 
oscillator is sejected at random. If It possesses at least one 
quantum of energy, then one quantum is transferred to another randomly 
^selected oscillator.. This process continuously updates the distribution 
• , histogram. n -* ' 
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The nor* oscillators there ere in the array, thejess violent art 
the fluctuations about, the mean exponent!*) decay. 

: . I - \\" .7 : ' ." v- 

NEGATIVE EXPONENTIAL DECAY * ♦ ♦ 

• f --._«•" * 

If one takes * time dependent process* then a <kt*min£et£c model' 
assumes that at any given time the rate of change of population is 
proportional to thf populatidh at* that time. 

• dx > . " " ■ 

.. • " 

Jhi* equation predicts an exponential decay of population size with 
time, and that the population it any tip* is fully determined by bot5i 
the initial condition (x at t*0) and the rate coefficient k. That 
|he solution is ijt general non-integer fs unrealistic. * 

A discrete model assumes that the population can decrease only by 
integer quantities, the computer model is based ok the distribution 
of times between successive events; these era distributed according 
to the probability density function J 

' . f(t)-Ae- Xt 

where X Mis the average time between events* For processes gove/ned 
by f(t). ah appropriately distributed 1 variable is t 

.\ . - < - ,"t - -I'ag(ft)/A - 

where R is a random number uniformly distributed on (0,1) and t is 
the time between two success «ve^ vents. For non-linear processes such 
a$, for example^ the modelling of the behaviour of epidemics (seconds 
order kinetics), discrete models are essential because the deterministic 
model gives no answer in the sense that epidemics die out (are self- 
limiting). This is a probabilistic function of initial population size. 

The'use of stochastic models- is a compromise between deterministic and 
discrete approaches*/ An outstanding textbook} 2 Which is both a 
cultural and intellectual delight (quite unexpected in the world of* 
technology), defines epidemiology as the diffusion of disease, and ' 
provides such* delectable examples as a •Bnief History of Syphilis 1 
followed by the VSal lor— Prostitute Problem 1 . THe book never ceases 
to be a constant source or inspiration over a wide area of. computing. 
s- - • * » * 

NMR SIMULATION ' ~ 

An intreasingly popular method of identification of chemical compounds 

nuclear magnetic reso^kce spectroscopy (MMR). It is possible to 
predict the spectrum tha,t a particular molecule should produce* At 
its simplest level .the input consists of the number of protons, their 
chemical shift parameter and the coupling constants between protons^ 3 m 
A typical spectrum* is shown below (Fig*2). -Selected spectral regions 
can be expanded. That Lorentz fan Jinawljdth of the resonances, the 
chemical shift, *and ^he coupling paraWte^s can all frp varied to provide 
a closer match to the^real spectrum* x * The affect of these changes on the 
spectrum is instructive. * 
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1 Figure 2. NMR" SPECTRUM " 

' * ■ ; * 

t .. « 

Other complex instruments that have been successfully simulated on 
a microprocessor Include the mass spectrometer. At La Trobe 
University, each student Is given aij individual digitised mass 

o spectrum on a plugrin memory chip which constitutes their unknown • 
sample compound for' analysis. The instrument simulator then drives 
a chart recorder to produce a spectrum in the same way as the real 

-instrument at a cost of $100,'compej2eJ^> at least $10,000 for a 
cheap real/ instrument. [■■ 



FOURIER TRANSFORM 

Fourier transforms have invaded the far corners of chemistry,, from 
* x-ray crystallography, interferometrlc infrared spectroscopy, 
Fourier transform MMR'.-'and "even r quantum mechanics (wave functions In 
terms of momentum and position)^ A fest Foorierrtransfona algorithm* 
can easily be managed on the microprocessor, .again with visual output' 
of the effects of truncation, exponential convolution. and sampling * 



frequency. (see Fig. 3). 
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THREE CONTOUR PLOTTER 

; - Thfs program allows a three-dimensional function Co be plotted 

realistically on a phase surface; Atomic and Molecular Orbital s 
are an obvious chemical choice for such a plot; an example Is given 

. ■ in Figure k. . * 
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SIMPLEX DATA FITTING \/ 

: ; - , - , A - < / ; . . ' , - - 

• For the many problems of dajfce.analysis that are currently performed 
J> on computers, the' Use of a 'simplex for non-1 fnear'M east-squares 
;V f Ittirig r$ one of' the most powerful *rid' visual means* 

- /. • - - : - - 

A model function Is fitted to the data with a simplex 15 which is 
v , basically an.Mdimensional 'triangle 1 situated on the landscape of 
** chj -square s£ace (the sum-of-square* difference between the mpdel ' 
and thedata for a particular set of parajneters) • s A-^simple set of \ 
: - * * instrqctions \sets the. simplex of f t reflecting its, highest point across, 
fvs V* the -•opposite 1 siaeSo as to search out the* global minimum on the 
*} „ . landscape. $everal additional instructions are needed, botiTto keep 
the simplex out of trouble and to locate the minimum accurately. % 
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Figwre SIMPLEX OPERATIONS 
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EXFAm) 'ABOUT CENTRE 



Figure 4(c). SIMPLEX-NEAR THE MINIMUM 




conccusi'on ; ...... • 

Further details of this work- are available In 

C. n/ Hehderson> Microprocessors- in chemistry* MSC thesfs 
^and video tapefecordfng), Australian National University, 

1981. V ' \ . • 

*"'.»" * » * 

For further reading In the area, see the section on Chemistry In 
the Bibliography (pp»67-9);" 
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CAI IN THE STUDY OF LANGUAGE •• 

• . ' : _. ' . , J 



A suite of computer programs has been developed Jfbr use in a -course on, 
the psychology of language at the Australian National University. A . 
student nay work privately at* a video terminalrfcrat a teletype if hard 
copy ts desired. Alternatively a portable termhnal connected to a* . 
large- screen monitor provides displays for class\work, with students 
taking.turns as user. Communication with a usjerJis .in English, and 
absolutely no knowledge of computers or of computer or data languages 
is required.; ■ - — \, 

A master program provides a directory to items. Each item gives , . 
explanatory text, i n some cases of considerable length, taking a long 
time to print at teletype speed; But a user can opt to suppress 
exposition. A manual (»fC32 CAf ANU* , obtainable from the author) 
contains specimen printouts of all the items, and with this to hand 
a student can avoid undesi red waiting time at the terminal. 

One program lets the user design a~texti a^spatiaV array of characters, 
as either (i), a purely decorative pattern, or (ii)_, an ordinary 
string of words, or (IH)» an original decorative pattern, or . 
intelligible. string of words whose lines, followed in a certain order, 
spell out a hidden message. Another gives exposition and' exercises 
on ways of discussing text: by, quotation, or by reference to a 
figure! or to an item in a table. Fifteen programs illustrate, in 
their ongoing printing beha.ytour, some of the 'dozens of kinds of 
generation that the course distinguishes. These are typically ill- 
distinguished Vn the literature, and none is the non-temporal= «- 
'generation involved in a mathematical theory or a grammar, and none 
is a likely. candidate for a model of a person speaking or preparing 
to speak. .? ". - > 

.-; ' • ./ ' ■ •:. 

One program prints a sequence of ever more, detailed grammatical 
.spejLifJcatlbns followed by a sentence that they determine In a 
fairly versatile fragment of English. Various methods o*.f description 
are available, the least satisfactory, one being the 'NP+ VP' variety.. 
Another dqes the same'f or formjulae in predicate calculus. Another 
gives the student a sequence of writing (commonly cal led 're-writing') „ 
cownandSi suited to the specification of a particular sentence. It 
then pauses while the. student obeys the commands. When the student 
is ready the correct result is printed out and tlje student can appraise 
his performance. This prog ran) and the. one on quotation, etc. , -provide 
the means of automatic examination and marking in these topics where 
correct technique is of the essence. 

There is a program dealing with various forms, choosable by a user, 
of alphabet Ic-shl ft ciphers. Work with this promotes awareness' of 
the incoherence of «uch forms of talk as 'encoding one's thoughts', 
unhappily so prevalent in today's .1 iterature. Finally, in the current 
version, a program asks for an English verb,- asks 'past or present'/' „ 
•finished or continuing? 1 ', etc., then prints out the so specified form * 
of the verb* eTg., 'was jumping', 'does not sit', 'wlfi have sung'. 



Devi ling* these programs requires J and their running Illustrates, a 
degree of rigour that is? sadly lacking even in the most pretentious 
current treatments of languagey^pgnition and artificial intelligence* 
The system,' developed on a rather antiquated DEC PDp8 (24K bytes plus 
disc;) / is, written in a, by nKnlern standards, primitive version of 
BASIC- It should therefore befSl .ectly, or with only slight modifi- 
nation, transferable t6 any jnpdjern microcomputer having a disc. 
Calls on files are so numerous; in certain items, that a non-disc 
system would be intolerably slow for CAI, though it would still . 
eventually, provide proper printouts. 



+ A RATWAY TO i COMPUTER AASJSTED LEARNING 



IHTROpOCTiOH " " . ^ 

Experience In establi shi ng a system, of computer assisted learning 
(CAL) in the School of Medicine at f) Inders University provided the 
author V(th a/e1eer Imtrcatipn that this form' of educational 



' . t«^hi»logy---c«^iex't«ndrs r tud«i>ts^ ojjipVtunsI ties 'for. learning and 

? - 4 increase, their motivation. ° • . , - 

iX - ". " "V ." .-. • ^ ... . 

Factors which now make CAL £n economic possibility With academic t 
-.\« • potential jn higher ;edu^ca't ion include: . ~ . * „ 

, * the much lower co"st and improved dependabil ity of microcomputers; 

• . avaUabil ity of relatively straightforward programming languages. 

including some developed specially for use with CAL; 
, ' a greater awareness of the need to cater for differences in 

«, backgi:«OTd- : icli^ledge"an4 Interests of students; 
*':':" V a .P acceptance by. course designers of the need to achieve greater 

s . flexibility through splitting courses into more*(anageable ■ 
learning modwier; • ' . y ) " 

• the need for a system of instruction which allows regular 
• - monitoring of students' progress and of the effectiveness 

. ' of 'the. teaching materials. . ! ~. 

'„/- A curriculum in/. the 1980s tends to be less structured and more geared 

" to self-directed or self-generated learning than one designed in 

earlier years. A pol icy qf diversity of. teaching methods allows 
scope for the introduction of Cdtouter Assisted Learning ,( CAL) ' 

V techniques, which use the idbmputen to^ald and enrich the learning 

process (Harming,. 1900). ■'•ThV term fComputer Assisted Instruction* 
(CAl) is commonly used £0 encompass the various teaching modes such 

tiV* "1 as tutorials, problem solving exercises, multiple-choice. questions, 

or simulations; wh i 1 e 'Computer Managed I nstruct ion ' (CM I ) has an 
emphasis on monitor ing student progress, recording: data for 

* subsequent evaluation, and* providing a facility for booking tutorials 
?* >■ . and guiding students tO: further ■ instructional material . CAL, being 
;V the more general, teim, may: comprise one or both of CAl and CMl. 

The itdveQ't/^f % ml«^pc$^^erV> tb(- the'- .educational flejd has ended the 
s i tuat ion .»^^a ja^jdafwr'tmint'-Wi atiingVto /in i t late 'a* CAt project has 
.to depend ^ system or else find, 

*!P ne Y f°K .*rtt Independent microcomputef . There are occasions, however, 
when resources al low a much mdreversatl »e combination of mainframe, 
mini and micr<^omputers.: In a situation such as thi$> the micro- " 

* computers . can function as ;f ndependent compli ter systems or ;jw • 
. terminals to the t^ larger systems. « y \ 

.An example of the ^development of ' a' very sati/fectory .system of *' , 
% • Computer Assisted Learning using a combination of the three levels 
;t . „ .of computer systems mav-be found in the School of Medicine,, Flinders 
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University, where a decision was made in 1976 to incorporate some C/Vi 
material into, the medical curriculum. Funds were accordingly set aside 
for upgrading the main university computer system. It was subsequently 
found that, because ,CAI made heavy demands on resources in the mainframe 
computer, it was necessary^ to_purxhese a minicomputer, which was 
dedicated to CAI, the main computer being used as. a backup system and 
for. data storage* The cost at that point for the upgrade of the main 
computer, the purchase of the minicomputer with five associated display 
terminals, random access slide projectors and cassette recorders was 
approximately $1*8,000, of which half was spent on the upgrade (Chalmefrs 
et aU 9 1980). In 1980 the first of a number of microcomputers was 
bought. These increased access to the system and at the same time 
provided even greater versatility. They are portable (on trolleys) and 
can be moved to a ' seminar room or laboratory, be located in a department, 
or even be taken outside the university for demonstrations of. the /' _ 
library of CAI material, feach microcomputer cost approximately .$3300 * 
and consists of a display screen and keyboard, processor, 48k bytes of 
memory and a floppy disk drive. " 

Jhe capability of using colour as well as graphic illustrations and 
animation on a, microcomputer screen. leads to creative presentation of 
material, and -it is pleasing to note that authors of CAI programs are 
making use of these features, especially in the scientific fields As 
with the larger systems, a random access projector c&n be connected tp 
- the microcomputer, ;adding immensely to the value of the textual material 
(Rpbbins et al„, 1 980) . An example of such usage* is appended %o this 
paper. \ . 

Whether microcomputers or larger computers are used for CAL, the success 
of the technique re ties heavily on the quail ty of the computer programs 
(softviare) and weir relevance to the' curriculum. CAL programs may be 
purchased or exchanged, but care needs to be taken* to r ensure. that they 
will-, ruji pn the receiver's machine with little or no modification of 
either the text 6r\the machine code. It is likely th*t assistance from 
a person with programming skills will be required to enable these programs 
to be used. If an instructor decides. to prepare his own CAL programs, he 
will have a choice of using a high level programming language like BASIC 
or jjASCAL, >or of using a CAL author language such as PILOT 6r DfCAL . 

The language BASIC can be easily learned with the help of a textbook, a 
friend and access to a computer, while it is probably better to attend 
a short .course in PASCAL before attempting to use it for CAL«„ A A com? 
bination of BASIC and PILOT a Mows" a much more powerful CAI program to 
be prepared. One such combination,' called BP I LOT, has been written 
specifically for use With tKelTRS ,8,0 microcomputer, but versions are ~~ 
being developed for use on other machines such as the Apple and the~Pet. 
At least one pf our col leagues at the ANU is enjoying the challenge -of 
developing-^ I programs on the relatively inexpensive Dick Smith system 
80 microcomputer, which plugs into one's home TV set\ For a few hundred 
dollars one can have personal 6vi system, but to implement CAL with 
large classes the cost is naturally greater. 

PILOT (Programmed inquiry, Learning or Teaching) is a programming systejn 
for controlling interactive conversation;. A PILOT program consists, of a 
series of statements which give a description of what the computer rnust^ 
do in order to interact wit*} a person/sitting at a computer terminal. 
An instruction code, consisting of one or twp letters, defines the 




' stit«Minff« 
begin 

r - - M: NO, MOT " v : * -"V; 

; . t. TUM Kt^SS 1 . *N*^.jrfb fi^'^Hlt? •r.* ii t«k«,.»ope exerci sel ' / 

. • ,-. -t" .i;ttjv<3o , -/v..-. '..' ••n- ">>:>- f , • . 

* Th^f ir$t $tatei»ot (T) ctMM*!^!!* t*f^l»w1; to display, the text * * 
following^ the cbljarw^ the teM% t^>temine,1 to expert 
some action on the. keyboard. Tba *V*tate«ent, causes e scan of t>e 
character (s)' that* has (have) been typed in. ,lf either HQvOr NOT f$ , 
. fdund, the, message 'Good fo.r you!' will be displayed, otherwise the 
remark following ; TN^;wlll appear* /^,C statement ends a program. 
The advantage of an autbM-j^guage ilka this is thet, natural language 
can be used by, the pfrso^,«lMl# >*9f«M na|» whereas in languages such 
as BASIC, t H is more usual to have the student choose a £ numbered option 
' for.fn answer. ^.^•^^^le^s- a ^^, : typifW^MJ lA^rSa^^io^^-fDjiipadL.lii , 1 

Students it Is. .usual l'y better ;*p keep to numerical or single letter • 
answers I An advantage of BpitOT, ,cc«ipared>*ith the nonsal PILOT 

matching statement, 4 the^ computer will accept. a student's answer in 
which two letters are reversed (a c ommon^ typing, error.) or- where one - 
letter is incorrect. Another valuable feature of the BPILOT program 
is, that it check* the,correctnes,$ i of numerical. answers. within limits 
defined by the programmer' t'y. '<••.'. o »< ' 

The effective^ 'of^r#^M^t!jth% : ^l'.i^t- at Flinders is ,not only a J 
result of * the-cpnf jgureVic#,,9f ^ tape-recorders 
' with* a suitable, pr^rawnjpg ^system; it depends <yery my ch on the 

staffing policy adopted, ^hiwbjch.e c)ose working, relationship is 
- established between,, the .;$a^linje^1 % j|Uff09lt.tN^CA)vMn1.t.anj| the u ,< 

\ / academic sttff of the^m^to^ 
. V_/ on the designvand Jmpie^nia t t,lpn*Of ?AI progrems.for teaching medicine. 

»The CAI unit is headed by an Instruct ioml Designer (CAI) who combines 

»."• computer, p'rograi^lng-^ 

c>f progri^d' instruct Ion. Other technical staff include, r --i 
Operator, who is also responsible for supervising the two CAI 
laboratorias ri fhdvtwo.,Cle^c||l,;Aas^s^nM wW.,perform the, necessary >. 
T data processing. The medical staff, therefore, do not .have to^ spend 

J* time onpr.ogijeireing^l^^^ • '„** 

>•".« design i9f sfjmtejcfuaj !!Qa^rj§jliH»^:.«W f^lpifntjiryr^^i^vl sua! 

" material. \ "•■ - • .J**?,?'' - v - 

The Respiratory -Physiology course for second .year students at Flinders 
provides- e'gcod dxampVe of^iow. the system operates. It is^ based on 
eight tape-sl i deprograms and workbooks prepared by Or John West of 
the University 6^^ 

' %* cceiputeHph^rams^Wtuf^ . * 

k. assist students to understand this subject, ohtfVf the fewyqualitative 

, s^bjectrareas in-;thfi meAlcil r ;coup;w 

percentage of medical student$iwitho«t-o:»*l«nce ; and mathematical 

background, the subject had been a hard one, for students, it is 

entirely upStd'fHfr'ifc^^ 

attemfrte^rlk^^ 

* " " i* " J «. v ^s>./ % * ^ ^ ' - f * ' ' 

- ."^ ,» - ^ - » , , » - « * * » - . 



course for help, he or she 1% told, to try working through thermograms. 
Within the prog rem, .1f e student fails repeatedly to grasp a point, a 
*essag« corns upon the screen suggesting that 'tha student, through the 
computer, make an appointment for tutorial help, this help Is then ' 
given on a one-to-one basis. One example from these programs is included 
in the appendix. * 

.v • - . • • • - 

. Good use of Computer Managed Instruction (CHI) is also demonstrated In 
— the Respiratory Physiology programs. The subject matter being quant ita- 

• tive, the computer supplies each student with a unique, set of flgu.es to 
work with^so that no 'correct answei" sheet may be compiled. A student 

. can leave the program he is running at the end of a question and may. 

* carry on at the next question When he returns. As well as keeping 
student records, all answers are 1 stored for evaluation purposes and 
some simple He** analysis is doneV 

It is now fairjy common practice fof courses at upper secondary and 
tertiary levels, whether taught by CAT or by more traditional methods, 
to be split into a sarles of more manageable modules, which are not 4 
necessar i I y taught in a f 1 xed -sequence . Where resources are ava i lab I e , 
v CMl may be used for keeping student records and comparing their per for- . 
mance on thtf different modules, thus alerting teaching staff to the need 
for course modifications in modules where the majority of students are 
having difficulties. At the same time, CHI may be adopted for those . 
modules which lend themselves most to this form of Instruction or for 
. providing supplementary material; In other modules. 

There "Is a wioe range In age, motivation, and background experience in 
any group of students today. To cater for the learning needs of such 
a group, each of Its members has to be considered individually, for it 
.is no longer appropriate , to run a standard course. CAL offers a means 
fp£;a i agnosing a student's strengths and weaknesses and then offering 
vcKa|1enging-materlal on the one hand and .remedial material on the other; 
Thtfs is accomplished by branching to relevant programs automatically 
after receiving information typed In by the student at the 'terminal . 
It is a medium where students can work equally well as individuals or, 
. in small groups at a terminal. It is an experience to observe two or 
three students wortfng through we) I -presented material , both in the high 
degree' of involvement between them and the problem presented, and in the 
interpersonal discussion. 7 , , 

• * . * 

A new dimension to learning is be Ihg, added with the development of 
microcomputer systems assdciated With colour ,~ sound, graphics, and 
animation.. We simply h^ve to be prepared to experiment with Ideas for 
their use, .either on their own or iir conjunction with the facilities 
offered by a larger system! 
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EXAMPLE It Use of Visual Material in a, CPMP about a patient with 
raoid atrial fibril lation and Bacterial endocarditis. 

What would you I ik« t» do now? fc 

33/ Chest x-ray. . * f.-.r* • 
3i. Blood cultures. 

35. , EC6. v I . \ \ 

36. Echocardiogram. 

37. Pert usionyttn* scan. 

?33 

33t 'You thou I d start with an ECG bef d*re sending- the patient away 
to have a chest x-ray. However* when the chest x-ray was d<r^ 
1 hour later* the fo Mowing film was obtained - 

Look at slide 6* this shows* ' . 

38. Enlarged left atrium indicating mitral stenosis. 

39. An 'enlarged heart with pulmonary Plethora. 

40. ■ Slight cardiac enlargement with pulmonary venous congestion.. _ 

41. Left ventricular eoiaVgement. 

42. Large heart w&h pericardial effusion. 

?38 . *' :?l 

38. The left atrium is erl but the heart is generally enlarged 
too* an£ not typicaf ■»» ou.*e mitral stenosis. Look at this x-ray 
on slide" 7* showing ■ trat stenosis with an enlarged left atrium. 

?40 / , . . ' - ' 

40. Correct. The heart is generally enlarged and the upper lobe 
vessels are particularly prominent. 



EXAMPLE 2: ..." 

What do you think this ECG shows? (slide 54) ' 

1. • Left ventricular strain Pattern. 

2. Old anterior infarct. 

3. Isctiaemic SW-T ,ave changes. w ■ • 

Not have a look at this £CG which shows a waves in tht anterior chest 
leads. (slide 57) • - ; - 

Jype 1 for tutorial 

type 1 for tutorial - you fee I m you, need human intervention. 
Type 2 tutorial not required -'you'll read up oh your own. 



TIMETABLE % t * ' * * 

1. , 'Hon. 11.00 2.* 3. Mon. 11.30 4* 

Slots with * have been taken. . 
Type number of slot you requires 3 

Michael will see you Monday t 11.30 in the CAI Laboratory. 



Computer aids for teaching drawing and recognition., 
of non-roman. characters to tertiary students 

Join MacUod ■ * 

S ' 

<b * • * - 

i 1 ■ „ J ' i ■ ... i 

> #• 

• • » 

The Awy Department of Engineering Physics end the Woden. School 4n 
DtekilT^iWhich- caters for mildly Intellectual 1y handicapped students 
in the primary and secondary age ranges) heve been collaborating 
since 1974 on a study of computer-based techniques for assessing and 
developing basic skills with such students (Hacieod end Overheu,' 1977). 
Much of this work has-been concerned wJth teaching of beginning hend- 
wrifing end reading skills- to prefi terete students. The emphasis has 
been on developing new educational strategies, rather than on adapting 
existing methods for computer presentat ion. 

What then Is, the relevance of thle' work to teaching intellectual |y * 
able students at. institutes of higher education? In a sense,, tertiary 
students who are com m encing study of foreign lengueges which use non- 
Roman characters and/or .scripts also ere preM terete. There ere good 
>reesons for believing that the techniques developed et the Woden School' 
'could, with appropriate modifications; form valuable adjuncts- in 
teaching tertiary students to .draw and recognise such characters. 
The problem of learning a new set of characters is most difficult in 
the case of lenguages such as Chinese (with approximately lO.OTO 
ideographic characters in common use) and Japanese (w I fK* approximately * 
2,000 Kanji characters plus two syllabaries). 

Handwriting (I.e., drawing the characters used 'in a written language) 
has been ttught for upwards of four thousand years byt methods of 
teaching, largely by copying or tracing of given f in i shed samples, 
have remained fairly constant, the system of computer-based handwriting 
instruction developed at the Woden School has significant advantages^ 
compared to traditional methods, primarily as a result of the computer's 
ability to monitor performance and contra) information presented during 
handwriting exercises (Mac leod^nd tally, 1981; tally, 1980). 
"*»*-,"**' '' 

Jhe system-developed (Macteod and Procter, 1979) uses^a PDP-11/20 " 
computer to control a DIGIVUE display screen— a 21.7 cm square matrix- 
of 51*2 by 512 neon-orange light points which can be lit or extinguished 
individually* A digit iser pen* Is used in conjunction with the display.' 
Its position Is calculated from the lengths of two lightly* tens ioned 
fine string* which pass through eyelets at the left and right above 
the display and which are attached to the pen tip. A switch inside . 
the pen indicates; Its up/down status and the impression of writing is 
treated by drawing a lighted track under the tip of the pen as it is 
pressed down and moved around the screen. A small square cursor box. 
drawn' on the displiy continuously indicates the calculated pen position 
and avoids problems with parallax errors. 

Handwriting exercises are presented as a series of strokes (straight 
or curved), each of which has to be tracked before the next stroke is 
drawn. Successful tracking requires the student to start 'off with the 
cursor box enclosing the beginning 6f a thin (1 point wide) guide line 



present*! for each 'stroke ahd to mbve along fhe guide tine (Within an ~ 
accuracy defined by the cursor box size) with the pen*down. As* students* 
track .the thin guide line successfully i r changes into a thicker path . 
(3 points *ide).« /If the stuient starts at^the wrong end of a* stroke, 
moves. .m the wrong direction,* lifts the pen or mov<U too far off the 
guide itne, path filling stops and a small blinking spot (5 points 
square) calls the student's attrition back to the point where the pen 
should be> The required accuracy of- tracking* is varied by changing the 
•cursor box size- The visual' pattern which develops on' the screen is * 
the model being' tracked, rather than actual pen movements used, thus 
avoiding visual reinforcement of a student's pos^bly fill -'formed' initiak 
attempts. / ♦ - ' * # " 

.As students become more 'adept €c drawing the characters being practised, 
the guide lines can be-made invisible. Jhe blinking spot,. gives - . * cue 

j9S Xo th^ starting position, of each successive stroke but not ,as ,to its , 

.shape or direction. The system can^ be used for general graphic- 
characters, and pictures. In one of" the^ exercises used at the Woden 
School for introducing the system # an<} asfa| reward for good performance, 
* secret /pictures of cars, cartoon characters, rockets,~etc. are used* 
These are constructed from sequences^of^stwkes i : n the same way as 

Characters, but with the order of strokes. chosen, suctf that the 'object * 
being drawn does not become clear until most of the strokes have, teen 
completed. The present^syst'em could thus be used for practice of Chines^ 
and Japanese character^ but 'it does not take account of the varying 
stroke thickness sometimes employed Wth these characters. T& allow ( 
practice with variable thickness strokes, a modified pen is being f 
constructed which will give sT tfcyit inuous reading of pen pressure rather 
than simply 'pen upV'pen down^.' Different thickness lines will be^drawn 

on the graphic display under tBe-*pen tip according to the pen pressure 
on the display surface. , 

Other techniques' developed at the Woden. School which are relevant to- 
the, current, appl rcat ion include those employed jFor teaching of sight 
words (Lai ly, J98l ) and of* sound/symbol associations (using both 
individual letters and' letter groups). In one exercise, the symbols or 
words to be recognised are "drawn tfh a translucent overlay with large 
buttons un4erneath. Dig i tisecf speech is used to give directions to 
students. A student might be asked to press on a given symbol or word, 
f )r example. Learning is enhanced through appropriate feedback Qn 
performance and repeated presentations of symbols which are not recognised 
correctly.^ A new device constructed "in the Department of Engineering 
PhyS^qsj^sist^ of a graphic display* screen ^(256 by 256* resolution) 
with a pre^^^^activated digit riser panel irv front *of the display. This 
device.wi 1 ibe much more. flexible than the current 'button box 1 because 
it wi II be possible to draw rapidly any subset (of, say, 1^ characters) 
being learned, to ask- the student to press on one or other of the " 
characters displayed and to register which character was- selected. This 
type of approach will allow exercises which are better suited to the 
Intellectual abilities of tertiary students -than would an overlay of 
'say. 16 characters in fixed positions. High 'quality digitised speech 
used in. conjunct ion with such exercises would also help students to 
improve their punctuation. 

Discussions with the ANlTs Department of Chinese Jiave identified several 
potential benefits of computer-aided learning in this area. There is 
a 1 a me number of characters to be lerrnt and practice at synthesising 



patterns finds to have.e positive effect on ability to recognise those 
same patterns. The computer-aided methods for teaching sound/symbol 
associations Mould complement drawing exercises and offer an interesting 
•alternative. to existing Methods. Systems developed at the Woden School 
are being adapted, for the purpose of teaching ANU students to draw and 
recognise Chinese characters, with- the objective of conducting limited 
trials during the 19$f academic year. 
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CAL IN THE TEACHING OF STATISTICS 

Hugh itahon - < ., 



According to Hr Mahoh, students entering tertiary* education today 
are on the one hand 9 more sophisticated in their lack of fear of 
computers, but on the other hand insufficiently grounded in basic 
mathematics, even for the relatively simple statistics whleh they 
must use in many of the natural and social sciences. , There "are, 
for example, many concepts which are counter- intuitive and may 
therefore be proved only by mathematical methods* 

For some students a mathematical proof fails to get the concept 
across; for these people the only way in the past was to carry oqt 
a Jarge^number of observations, such as recording the results of 
tos\lng two coins repetitively. Microcomputers can simulate a 
large number of events or observations and quickly give frequency 
distributions. 

x » - • 

Mr^Mahon commences his course by asking his students to carry out 
some physical measurement or observation twenty to thirty time^, 
and then to. repeat the operation using a microprocessor. A micro- 
processor can also be used to demonstrate what happens to a 
distribution when the parameters are varied. Hr Hahon uses this 
facility regularly. • 



CAI IN THE TEACHING OF ENGINEERING , 

0. Wagxn.. - . ;>-.-, / 



f3 



Mr Hagin described how the.Te.rtiary Education Research Centre (TERC) 
at the University of New South Wales has responded to requests from 
/lecturers In the School of Engineering for assistance with Course 
design. Teachers of Engineering ware seeking a method of simulating 
conditions encountered by engineers* in the field, a problem which 
readily lends itself to solution by computers, yet would.be almost 
Impossible us J,ng:?ot'heV methods. \ ■ 

Reasons~g*ven .by-'Hr MagTn^for using CAI included the* efficiency of 
the process, its effectiveness In improving learning, its ability 
to extend laboratory experience_s_^nd_ jthe_oppor-tuni.ty ~U~ 
for filling gaps in the curriculum. . i 

Mr Mag in also pointed out that, computers h^ve the;advantage of being 
able to provide Instant data production , thys. enabling Students to 
concentrate pn other aspects of experimentation. J v * 
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COMPUTERS AND ARTIFICIAL INTELLIGENCE 

Michael Codkr " ' * , 



In this paper Dr ,Cook described the development of CAL as -a substitute 
for teachers and books. He reminded the audience that programmed 
texts preceded computers and listed some of the features of this form 
of teaching. - 

Or jCook also, addressed the quest ions'of how one might replace a teacher 
with a computer and what particular advantages computer-assisted 
learning may have over the older, programmed texts. The difficulty 
with these,;' he claimed, was that th£y tended to follow a standard 
format* - There was an implicit assumption that all questions have 
answers that require quite simple > choices, or that answers may be 
either right or. wrong. In addition, any training effected by 
programmed texts tended to be strrttly linear. 9 Jo a certain extent 
this Limitation also, applies to CAL, according to Dr Cook. At least 
a book allows. some ideosyncratic scanning either forward or backward'. 

Or Cook also .pointed out that although most methods of programmed 
learning cater for a range of levels of treatment, CAL aMows more . 
sophisticated options to be offered. An additional problem is that 
/whereas iff "'normal' education a teacher can make allowances for 
partial learning, this is very difficult .to do with programmed 
instruction.. 

Or Cook asked whether this is the type of knowledge structure we 
really want. He concluded by stating that if we are seeking computers 
with an expert knowledge of the subject to be taught, it will be 
necessary to develop much more complex computers. 
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ARTIFICIAL 

Robin Stanton 



NTELLI6ENCE AND CAL 



Dr Stanton discussed the problems associated with the encoding of m 
knowledge in k computer program and reminded the audience that 
'while some disci pi ines lend themselves to thi^tyge of coding, 
others do not . Machines which are much more intelligent than ,^ 
current ones are needed before they^lre ab!6 to use normal language 
and demonstrate the qualities of an expert in the subject. 



He asked what type of program .would be needed fo'r real CAL. This 
is a Particularly important quest ion. when there are many legitimate 
ways of .tackling the same problem. Dr Stanton also referred to the 
difficulty of representing a range of the various -.meanings 
"assoctat^d With a particular word. 
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CLOSING REMARKS ; : ~ ; A-V '""/* * ' ; ' f 



v : \ y ,/ JohnF 9 Ogilvie 



Traditionally the function of V university has been taken to be, in_ 
coneise terms, to generate and to transmit knowledge. Whilst we rejate 
generation of knowledge to research, we can analogously associate * 
transmission of knowledge with teaching, although both teaching and . 
research constitute the learning process. 
- " v * - :v' ( ■ , t, _ , >^ , *\ , , , . - ■** ^ , -> 

Nobody can doubt the tremendous effect of electronic digital computers, 
--^ir-therpraerl ce of fesearcn, First in the physical Sciences and 
^mathematics by means of arithmetic conducted with a speed and endurance 
far surpassing, for a single major machine of recent design, the total 
arithmetical capacity of all human beings who have ever lived. During 
the past decade the impact of these computers and their miniature 
counterparts alike has been felt across at! the breadth of disciplines ^ 
of a modern university, such that a department Of English, "for instance, 
has sought to revive enrolment by honours students (and incidentally to 
enhance the vocational skills of its graduands) by devising projects 
- in literary analysis involving use or computers. The capability of 
computers for such tasks depends on the processing and Storage of 
information in much tnorc^ than an apparently numerical manner. 

- - ( ; ^ '* . - ' 

We can compare the storage capacity of various devices in the table 
below. The figures demonstrate that & human brain has potentially a 
capacity that is vast by comparison with the other means of storing 
informati^g ^ Yet many experienced teachers may have difficulty, in / 
reconci 1 ing-^^fRTtfoqal capacity of their students with the content 
of even a sihAlktextbo^t 



Table*. COMPARISON -OF CAPACITY,* IfC^ERMS OF MILLIONS OF 

> : (ALPHABETIC OR NIM^CAU CHARACTERS, OF VARIOUS 
MEANS OF STORING INFfifctt^lON 

DEVICE * ./* * \ • . , CAPACITY. 

typical book • 7 , \^ . % , 1*3 

floppy disk (computer accessory) , ' 2.5 

large (fixed) A\ sk^ (computer accessory 3U» 

optical disk (under development) 12 500 000, 

largest encyclopaedia 12 500 000;^ 

largest magnetic cartridge (computer accessory) 2$0 000 000. 

natlonaLarchives (USA) 12 500 000 000. 

human brain.- . 125 000 000 000. 



Assuming that university, students inherently possess this effectively 9 _ 
infinite capacity to absorb knowledge, then one has to admit that a < ^ 



major problem of e ducat tonal effectiveness arises in the process of 
transmission and assimilation of knowledge* Actually mere absorption 
of information is not a proper educational objective. Any academic 
♦discipline, whether in 'pure' /or 'applied* subjects, has the intents 
for the student not only to acquire knowledge, by commitment to memory, 
bujt also to learn both methods of analysis and skills characteristic 
of that discipline. Traditional pedagogical methods at the university 
level have included the 'stand-and-del iver- 1 lecture, self-study or 
reading designated texts* and the tutorial or dialogue approach, in 
addition to practical. classes* in different combinations depending on 
the philosophy of the discipline. and the surrounding society at a 
particular time and place. We cannot. be certain that these traditional 
methods are the most effective for all students (the col1e<ftfon of 
individual persons) in all discipline^; .On tbfe contrary, we have 
continual, proof of the fallibility of these. methods in every set of 
exam inatiori results. %v „ • « 

The alternative methods more recently developed, involving teaching 
machines, programmed- learning. texts, use of audio-visual aids and 
computer-ass rstedjnst ruction, undoubtedly have, and will have proved, 
a legitimate role in the teaching process, in some cases supplementing, < 
in others/, supp.l anting, aspects of traditional methods. As academic 
practitioners wfe have the duty to become: aware of, to investigate these 
^nnovation^or teaching, and^to apply them appropriately. The computer 
tias incontrov^rtibly insinuated its influence into the research and 
administrative components Qf the activities of academic staff; the 
teaching component cannot remain-isolated from such a restive power. 

& - ' • - 

There has been ti.c fear that such technological discoveries wi 1 1 permit 
a large-scale replacement of academic staff by machines. Because our 
students, retaining human qualities and properties, wilj continue to 
need the human guidance and inspiration that no machine can impart, 
these fears lack foundation. The most drastic changes that one can 
envisag* are the re-al ignment of boundaries^between traditional subject 
areas, the incumbent revision of approaches to teaching the re-organised 
bodies of knowledge, and the ^-formulation o^f methods of use of the 
knowledge. Yet these aspects arp but one facet of the progress of our . 
civilisation, not to* be opposeoTbut rather to be embraced, as the 
technological revolution affects educational practice as much as any 
other activities of mankind. 

Our symposium on bringing computers into. college and university teaching 
has served the purpose 6f creating or intensifying an awareness in the 
participants (and x in tjje readers of these proceedings), of how the 
coni>uter !s be+ng-^tffrently used by some of our innovative colleagues, 
in a great diversity of disciplines, to improve not only the skills of 
their students- and the breadth of their learning experience but 'also 
their recognition of the , computer as* a vital force within 6ur dynamic 
society. . *" 
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